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1. INTRODUCTION 
Transposable elements were first described in maize and 
are now regarded ubiquitous in living organisms. Molecular 
studies of transposable elements in maize during the last 
five years have given irrefutable proof of their existence as 
integral parts of chromosomes and confirm the predictions of 
classical genetic studies made on them. 
Transposable elements, like the Enhancer (En) element 
described in this dissertation, are segments of DNA which are 
mobile in the genome. When a transposable element inserts 
within a gene, the normal gene function gets disrupted to 
various levels of reduced expression. The inserted element 
may excise in some cells during development thereby restoring 
the activity of the gene. For excision and integration an 
element specific product termed 'transposase' is required. 
The transposase is encoded by a functional element called 
* regulator * or 'regulatory' element. This product can also act 
on elements defective for production of the transposase, which 
are called 'receptor' elements. The transposase encoded by a 
functional element can transpose the regulator and receptor 
elements of a genetically defined 'transposable element 
system' which share common sequence features at their termini. 
The En element encodes the functions necessary for 
transposition. The functions genetically attributed to E^ are 
well defined and yet the most complex among transposable 
2 
elements. Preceding this investigation the gene and the 
receptor element ^ had been cloned, thereby opening up a 
strategy to clone and molecularly dissect the fascinating En 
element. 
The objectives of this study are to: 
1) select for Eri transposition to the Wx gene; 
2) clone the ^  element from the selected wx mutable allele 
containing En ; 
3) subclone and molecularly characterize the cloned En 
element ; 
4) determine the DNA sequence of the En element; and 
5) discover the products encoded by En. 
3 
2. LITERATURE REVIEW 
2.1. General Concepts of Maize Transposable Elements 
Mendel developed the concept of the gene as a discrete 
unit. The principles of segregation and independent assort­
ment were established with the use of stable alleles of a 
gene. The order of genes along chromosomes was considered 
highly conserved within an individual. Occasionally, 
variegation was observed as the alternative forms of a gene 
(wild type vs mutant) expressed in the same individual. The 
term 'mutability' was used to designate the capacity of a 
'mutable allele' to revert to the wild type condition in 
somatic or germinal cells. 
McClintock (1950a) proposed that discrete, transposable 
genetic elements are responsible for the unstable mutations, 
which she identified at easily recognizable genetic loci 
concerned with either the color or morphology of maize 
kernels. She termed these mobile genetic elements 'control­
ling elements' (McClintock, 1956) since they seemed capable of 
influencing the expression of a given locus when integrated in 
or next to it. 
Maize controlling elements were the first transposable 
elements discovered and elucidated. Transposable elements, 
now appear to be ubiquitous in living systems, and have been 
defined (Campbell et al., 1977) as DNA segments which can 
insert into any site in the genome. Following the early 
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conceptual development of maize controlling elements, 
transposable elements were discovered in bacteria and their 
molecular nature elucidated. In bacteria, the term 'insertion 
sequence' (IS-element) was assigned to short elements up to 
about 2 kb in length while larger, more complex elements 
containing additional genes unrelated to insertion function 
were termed 'transposons' (Campbell et al., 1977), With the 
development of plant molecular biology, maize controlling 
elements have been shown to be DNA insertions and now the 
finer aspects studied by classical genetics can be approached 
molecularly. 
Segregation ratios indicate that a variegated phenotype 
may be due to, the mutable allele alone in a 'one-component 
system,' or the mutable allele and a second factor required in 
trans to display mutability in a 'two-component system.' In 
the two-component system the second factor is a transposable 
element capable of autonomous integration, excision, 
transposition and other types of activities typical of such 
elements. This component has been termed the 'regulatory' 
(McClintock, 1961a) or autonomous component (Fedoroff, 1983). 
The element it regulates, present at the locus in the two-
component system, is defective with respect to all or some of 
these activities of the regulatory element. This defective 
element can inhibit expression of a locus simply by virtue of 
insertion, but it is stable unless a suitable regulatory 
5 
element is present in the genome and provides some trans­
active functions. This defective component has been termed 
the 'receptor' (Peterson, 1965; Fincham and Sastry, 1974) or 
'operator* (McClintock, 1961a) or non-autonomous component 
(Fedoroff, 1983). In the one-component or 'autonomous* system 
(McClintock, 1951), the regulatory element is inserted at the 
locus and no separate factor is required to display mutability 
of the mutable allele. 
The specific interaction of regulatory and receptor 
elements of a two-component or non-autonomous system, enabled 
McClintock (1950b) to show that the ^ mutable allele which 
responds to the regulatory element Dt (Rhoades, 1938) does not 
respond to the Ac regulatory element. Conversely, the inde­
pendently isolated ^  (Peterson, 1953) and Spm (McClintock, 
1954) regulatory elements were shown to be functionally 
similar (Peterson, 1965) as they could both control the 
mutability of the a-ml allele. 
On the basis of this activity criteria of the specific 
interaction of regulatory and receptor elements, newly 
isolated controlling element systems can be shown to be either 
a new system or homologous to a previously identified system 
(Peterson, 1981). A summary of transposable element systems 
identified in maize is given in Table 2,1. The interaction 
between regulatory and receptor elements is + ve if they 
belong to the same system and - ve if not. The En-I and Spm 
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Table 2.1. Maize transposable element systems 
The specific interaction of regulator and receptor 
elements which define a system is shown as +. No 
interaction shown as - indicates that the elements 
belong to a different system. A gap indicates 
interactions which have not been tested but are 
inferred as -
Regulator En Spm Ac Mp Ac2 Dt Feu Spf Uq Bg Mrh Mut Cy 
Receptor Allele 
a-m(r) 
a-ml 
a-m3 
bz2-m 
r#10 
a-rug 
o2-m(r) -
rrarh a-mrh 
rmut bz-mut -
+ - - - - - - - - -
+ - - - - - - -
— + + — — — — — — — 
• •  +  + ( " • ) • •  —  —  —  
— + + + — — — 
En - Peterson, 1953 
Spm - McClintock, 1954 
Ac - McClintock/ 1947 
Mp - Brink and Milan, 1952 
Spf - Singh et al., 1975 
Uq - Friedemann and Peterson, 
1982 
Bg - Salamini, 1981 
Ac2 - Rhoades and Dempsey, 1982 Mrh - Rhoades and Dempsey, 
Dt - Rhoades, 1938 1982 
Mut - Rhoades and Dempsey, 1982 Feu - Gonella and Peterson, 
Cy - Schnable and Peterson, 1977 
1984 
^Refers to Ds^ causing breaks. 
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element systems are functionally equivalent and likewise the 
Ac and ^  regulatory elements are equivalent (Barclay and 
Brink, 1954). Some regulatory elements that show the same 
basic specificity of interaction may not be functionally 
identical. Thus, Ac2 can readily transactivate some Ds 
elements (Rhoades and Dempsey, 1983) but not others, while Spf 
can control only the rflO allele whereas Feu can control both 
r#10 and r-cu. Some elements have been characterized 
molecularly (see Table 2,4) but the genetics required to 
classify the system has not been done. 
Though transposable elements are recognized now by their 
capacity to insert at a locus and cause mutability of the 
allele, the early concepts of transposable elements were 
elucidated with an element Dissociation (Ds) which provided a 
specific site of chromosome breakage or dissociation into two 
fragments (McClintock, 1946). The regulatory element 
Activator (Ac) is required in trans to activate chromosome 
breakage at Ds^ or to transpose Ds. The Ds insert in the c-ml 
and bz-ml alleles, can excise and give germinal revertants as 
well as provide the site for chromosomal breakage, in the 
presence of Ac. 
2.2. Induction of Maize Transposable Elements 
Associated Mutations 
In plants having broken chromosomes undergoing the 
breakage-fusion-bridge (BFB) cycle (McClintock, 1942a, 1942b), 
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an array of unstable mutations affecting many different loci 
(McClintock, 1946, 1950a) were obtained. In the progeny of 
plants undergoing the chromosomal type of BFB cycle, chromo­
somal breakage at Ds on chromosome 9 in the presence of ^  
(McClintock, 1947) was observed. Other Ac-Ds system mutants 
were later obtained from similar material. Mutants controlled 
by the Suppressor-mutator (Spm) transposable element system 
were isolated by McClintock (1954) in lines derived from 
plants undergoing the BFB cycle. Chromosome breakage was 
shown to be an important factor for the activation of the 
regulatory element (McClintock, 1950b, 1965a, Doerschug, 
1973). The Ac2, Mut and Mrh mutable systems were isolated 
from a line in which dicentric bridge formation led to loss of 
segments of chromatin from knobbed A chromosomes (Rhoades and 
Dempsey, 1982). A summary of the induction processes of 
various maize transposable systems is presented in Table 2.2. 
Mutable alleles have been isolated from plant material 
exposed to various forms of mutagenesis. The Eri controlled 
allele pg-m (Peterson, 1953) was isolated in plant material 
exposed to atomic radiation in tests on the Bikini Islands 
(Peterson, 1960). Subsequently, ^  controlled mutants at 
other loci were obtained in progeny of the exposed material 
(Peterson, 1961). Neuffer (1966) and Bianchi et al. (1969) 
showed that X and UV rays induced somatic expression of Dt, 
and En regulatory elements» 
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Table 2.2. Origin of transposable element associated 
variegation 
Inducing method 
Transposable 
element References 
BFB cycle McClintock, 1950b, 1951, 
1965a 
Doerschug, 1973 
McClintock, 1946, 1947, 
1978 
McClintock, 1948, 1951 
knob chromatin loss Ac2, Mut, Mrh Rhoades and Dempsey, 1982, 
i g g g  
Dt 
Dt 
Ac—Ds 
m 
irradiation 
X and UV rays 
viral infection 
Mutator lines 
En lines 
En-I 
Dt, En 
Ug-ruq 
Tz86 
Bsl 
Mul 
En 
Peterson, 1953, 1960 
Neuffer, 1966 
Friedemann and Peterson, 
1982 
Pereira and Peterson, 1985 
Mottinger et al., 1984b 
Dellaporta, et al., 1985 
Mottinger et al., 1984a 
Johns et al,, 1985 
Strommer et al., 1982 
Robertson, 1978 
Peterson, 1961, 1978 
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Following infection of maize with barley stripe mosaic 
virus (BSMV) or wheat streak laosaic virus (WSMV), mutations at 
various loci have been found (Sprague and McKinney, 1967, 
1971; Mottinger et al., 1984a). In aberrant ratio (AR) lines 
obtained from virus infected plants, mutants of the Uq-ruq 
system have been obtained (Friedemann and Peterson, 1982; 
Pereira and Peterson, 1985) as well as unstable insertions at 
the sh locus (Mottinger et al., 1984a; Dellaporta et al,, 
1984). 
Transposable element containing lines have been used for 
the isolation of unstable loci of the En-I system (Peterson, 
1978), the Ac-Ds system (McClintock, 1948) and the Uq-ruq 
system (Oberthur and Peterson, 1984), Robertsons mutator 
lines (Robertson, 1978) have been used for induction of the 
Mul insertions (Strommer et al,, 1982). 
2,3, The En-I Transposable Element System 
2.3.1. Discovery of the En-I (Spm) system 
Mutants controlled by the En-I system were characterized 
at the pale green locus (gg^ or £2^) in plants originating from 
kernels irradiated in the Bikini atom bomb test (Peterson, 
1953). The term Enhancer (En) was given to an independently 
segregating factor which increased mutability at the dçl locus. 
The mutable locus was interpreted to be associated with the 
Inhibitor (I^) which under the influence of E^, was lost from 
11 
the locus r manifested in the mutation from to Pg^. In 
addition, some F2 progeny ratios indicated that En 
autonomously controlled the locus. 
From the progeny of plants which had undergone the BFB 
cycle and were displaying chlorophyll variegation, McClintock 
isolated the a2-ml (McClintock, 1948), a-ml and a-m2 
(McClintock, 1951) alleles and tested them to be not 
controlled (McClintock, 1952). Later McClintock, (1954) 
described the element Suppressor-mutator (Spm), not linked to 
a-ml, responsible for controlling the mutability of the a-ml 
allele. The presence of the Spm factor was seen to inhibit 
the action of the a-ml allele. In contrast, removal of Spm 
led to mutation of the Spm controlled a-m2 allele (McClintock, 
1954). Later, McClintock (1957) showed that a2-ml was also 
controlled by the Spm system. 
The element Spm (McClintock, 1954) was described by its 
action on a particular state of a-ml, derived from the 
original state which was considered autonomous (McClintock, 
1951). This derivative state a-ml(5719A-1) is uniformly 
pigmented in the absence of Spm. When Spm is present, the 
residual pale pigmentation is suppressed and spots or areas of 
intense pigmentation appear on a colorless background. This 
a-ml(5719A-1) allele was the basis for the recognition of the 
suppressor and mutator functions of the Spm element. 
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Table 2.3. Isolation o£ mutable alleles controlled by the 
En-I system 
Mutable 
Chromosome allele Element References 
pq-m En 
a-ml Spm ( 
a-m2 S£m 
a-m5 Spm 
a-m(dense) En 
c2-ml Spm 
c2-m2 rSpm 
a2-ml rSpm 
a2-m5 rSpm 
a2-ml 1511 En 
a2-m4 1596 En 
a2-m4 1629 En 
a2-m6 8140 En 
a2-m6 8144 En 
a2-m7 8018 En 
bt-m rSpm 
pr-m2 rSpm 
pr-m3 rSpm 
c-m5 Spm 
c-ml 1702 En 
c-m4 1963 En 
c-m5 5292 En 
c-m5 5301 En 
c-m5 5320 En 
c-m5 5351 En 
c—m5 5453 En 
c-m6 8613 En 
c-m6 aass En 
bz-ml3 rSpm 
bz—m826301 En 
wx-m8 rSpm 
Peterson, 1953, 1960 
McClintock, 1951 
McClintock, 1951 
McClintock, 1961 
Peterson, 1957 
McClintock, 1964 
McClintock, 1964 
McClintock, 1948 
McClintock, 1964 
Peterson, 1963 
Peterson, 1978 
Peterson, 1974 
Reddy and Peterson, 1976 
Reddy and Peterson, 197 6 
Peterson, 1976 
Phillips et al,, 1986 
McClintock, 1965a 
McClintock, 1965a 
McClintock 
Peterson, 
Peterson, 
Peterson, 
Peterson, 
Peterson, 
Peterson, 
Peterson, 
Peterson, 
Peterson, 
, 1963 
1963 
1976 
1976 
1978 
1976 
1978 
1978 
1978 
1978 
Klein and Nelson, 1983 
Peterson, 1984 
McClintock, 1961b 
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Peterson (1965) demonstrated that Eri resembled Spm in 
controlling the mutability of the a-ml allele and, therefore, 
''he En-I and Spm systems could be considered homologous. 
Similarly ^  and M£ had been shown related in activity 
(Barclay and Brink, 1954). Braun (1964) reported on an inde­
pendent source of ^  or Spm like element that showed 
mutability at the a-m(r) and a-ml alleles. 
A summary of the original inceptions of mutability at 
various loci, controlled by the En-I (Spm) system, is given in 
Table 2,3. The designations for the regulatory element ^  and 
Spm are used in context to the original discovery. The 
receptor element is as designated by Peterson (1953). The 
homologous receptor element from the Spm system has not been 
named by McClintock and, therefore, the term rSpm (receptor of 
Spm) has been used, as described by Nevers et al. (1985), to 
indicate the difference in origin from ^ elements. 
2.3,2. The receptor element I_ 
The presence of the receptor element ^  at a locus can 
abolish or reduce the expression of the locus. The receptor 
containing allele is stable in expression unless suitable 
trans-active signals are provided by an active En (Spm) in the 
genome. In presence of En(Spm), the containing allele 
displays an unstable or variegated phenotype. Different 
receptor elements have been identified which affect the 
expression of the locus they are inserted in to varying 
14 
degrees. elements can also be differentiated by their 
response to a standard En(Spm). 
Following the initial identification of an En(Spm) or 
associated mutation at a locus (Table 2.3.), various deriva­
tives have been obtained. A mutational change can occur from 
the autonomous En(Spm) at a locus, to an ^  element. An ^ 
element at a locus may change its pattern of response to a 
standard En(Spm). This altered response or 'change in state' 
of the element is heritable and initiated by exposure of the 
2 element to a fully active En(Spm) element (McClintock, 1955, 
1967). The altered response may include a change in the time, 
the frequency or the type of excision events (McClintock, 
1961). In some instances, the new state also affects the 
degree of gene action, ranging from colorless to full colored, 
for the loci involved in pigmentation. 
A derivative or change in state of the a-ml allele 
(McClintock, 1954) designated a-ml(5719A-1), contains an ^ 
element which does not totally abolish expression of the a 
locus. In the absence of Spm, this derivative or state 
displays uniform pale pigmentation in the aleurone and plant. 
With the presence of ^ in the genome, the residual pigmenta­
tion is suppressed by the component and spots of intense 
pigmentation are seen due to the somatic excision action of 
the M component. 
15 
The a-ml isolate was originally described as autonomous 
(McClintock, 1951) but later McClintock (1964) indicated it 
-as not so. Derivatives of this isolate, differ in the 
pattern of response to Spm and the activity of the basic 
allele. Compared to the a-ml(5719A-1) state described 
earlier, the a-ml(6078) state conditions a more frequent 
spotting pattern in presence of Spm and is almost colorless in 
absence of Spm (McClintock, 1965). 
Two other mutants at the a locus, a-m2 and a-m5 were 
confirmed to be originally autonomous (McClintock, 1964). In 
the a-m2 allele (McClintock, 1952), the gene action of the a 
locus was described to be turned on with the activity of Spm. 
Various derivatives of the autonomous a-m2 have been obtained, 
including a weak Spm (Spm-w) and different elements 
(McClintock, 1961b; Reddy and Peterson, 1985). 
The original a-m5 state (McClintock, 1961b) showed a 
frequent spotting pattern. The derived class I and class II 
states of a-m5 showed a low level of a gene action when Spm 
action was absent. When Spm was active, the residual a gene 
action was suppressed but while in the class I states spots 
were observable as a result of M response, in the class II 
state no such M response was visible. The class I state is 
reminiscent of the behavior of the a-ml(5719A-1) state. The 
phenotypes observed with the class I and class II states of 
a-m5 are also seen with the a2-ml allele» 
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Earlier McClintock (1948) had identified the a2-ml allele, 
but it was not until she had'characterized the complex Spm 
element, that she could prove Spm control of the a2-ml allele 
(McClintock, 1957). In the absence of Spm, the class I state 
of a2-ml displays a low uniform pigmentation observable in 
both plant and kernel. In the presence of Spm, the pigmenta­
tion is suppressed and spots of intense color are observed on 
a colorless background. This response is also similar to the 
a-ml(5719A-1) state (McClintock, 1957) and the Class I state 
of a-m5. The class II state of a2-ml, in the absence of Spm, 
exhibits deeply pigmented kernels and plants though of less 
intensity than the wild type A2^ allele. When Spm is present, 
variegation is observed but the sectors of pigmentation have 
the same intensity as that produced in the absence of Spm and 
colorless areas may be present within the pigmented areas. 
The pattern of variegation on a kernel depends on the number 
of Spm elements present. With one Spm. predominantly large 
pigmented areas are observed. As the dosage of Spm elements 
is increased, the size and number of the pigmented areas 
drops, to an almost colorless kernel with three or more Spm 
elements. This a2-ml state does not respond to the M function 
of Spm (McClintock, 1971) as suggested by the type of pigment 
in the sectors. The sectors are due to inactivation of Spm as 
shown by the use of the underlying endosperm phenotype of 
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wx-m8 (McClintock, 1971), This is the unique receptor state 
on which dosage of Spm(En) can be observed. 
The original autonomous isolate a-m(dense) (Peterson# 
1957, 1961) which arose from pale green mutable stocks, was 
recognized in 1952 as a sectored tassel showing spots of 
pigmentation. From this allele, various autonomous alleles of 
distinct phenotype as well as the receptor containing a-m(r) 
alleles (Peterson, 1961) were derived. The a-m(r) allele is 
colorless without En and exhibits spots of pigmentation with 
En. In contrast, the pale a-m(pm) allele (Peterson, 1981, 
1985) is pale in the absence of Eii and displays deep colored 
spots on a pale background which is slightly reduced compared 
to the basic allele pale colorations. This, therefore, is 
unlike the a-ml(5719A-1) allele as the background or residual 
pigmentation is not completely suppressed. 
2.3.3. Transposition of the En(Spm) element 
Transposition of En to the a locus in the pale green 
mutable stocks was identified as the autonomously controlled 
a-m(dense) mutable allele (Peterson, 1961). Similarly, the 
a-m2, a-m5 and other mutants listed in Table 2.3 were 
identified by virtue of En(Spm) transposition to the locus. 
Although some element transpositions have been identified 
like the a2-ml allele (McClintock, 1948) or the wx-m8 allele 
(McClintock, 1961b), the predominant primary transposition 
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events identified at convenient loci have been En(Spm) 
insertions. 
Linkage between the Spm(En) element and genetic markers 
has been used to monitor transposition. McClintock (1957) 
showed that the Spm element linked to (chromosome 9) showed 
a higher frequency of transposition than the Spm element 
linked to ^  (chromosome 6). Following the transposition of 
Spm from chromosome 9, a return transposition to this chromo­
some was not observed (McClintock, 1958), though in a limited 
series of tests. 
Transposition of Spm from the autonomously controlled a-m2 
allele was observed to be associated with the origin of many 
of the stable derivatives (McClintock, 1962). The stable 
derivatives represent germinal excision events of Spm and in 
many cases can be correlated with an integration of the Spm 
somewhere else on the chromosome complement. 
Detailed studies of En transposition were conducted using 
the a-m(papu) allele which is autonomously controlled by En. 
Peterson (1970) reported that in 25% of the stable derivatives 
En was recovered on the same chromosome as the a locus with a 
preference for transposition to 6-20 units from a. En trans­
positions were observed to occur both proximal and distal to 
the locus on chromosome 3, Nowick and Peterson (1981) 
studied transpositions of Eri from three autonomous alleles of 
the ^  locus. Ko differences between the regions of ^  
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insertions in primary and secondary transpositions were found, 
though some regions of chromosome 3 were favored for 
insertion. Short range transpositions were rarer as more En 
-T —— 
insertions mapped in the region 2 through 12 map units distal 
to the ^  locus and 4 through 30 map units proximal. 
Transposition of En(Spm) seems to be related to excision 
from a site and often reintegration to another. This is 
consistent with a non-replicative transposition mechanism. In 
the elegant studies of transpositions of M£ from the P-vv 
allele, transposition is correlated with chromosome replica­
tion and results in the removal of the element from its 
original site on one of the two sister chromatids (Brink and 
Nilan, 1952; Greenblatt and Brink, 1962, 1963; Greenblatt, 
1984). The use of M£(Ac) dosage effect on variegation pattern 
contributed to the study of loss and gain of M£ in sectors of 
tissue. Such a dosage effect has been studied (McClintock, 
1971) using the Spm element on the a2-ml state with which the 
Spm dosage can be seen. On ears where the two Spm pattern was 
expected, occasionally twin sectors showing one Spm and three 
Spm phenotype was observed. This was explained due to trans­
position of Spm that resulted in its loss from one cell and 
inclusion in its sister cell. 
2.3.4. En(Spm) associated functions 
The regulatory element En(Spm) produces the transactive 
signals associated with transposition of members of the En-I 
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system. The primary components of action of the En(Spm) 
element are the suppressor (S^) and mutator (M) components 
(McClintock, 1954). As described in the earlier section, the 
•jr 
identification of these components is based on the trans­
action of Spm on the a-ml(5719A-1) allele and other similar 
states. The function has a transient effect on gene 
activity and either suppresses (to colorless) the leaky 
expression of an allele such as a-ml(5719A-1), or activates 
the expression of color in a state such as a-m2. The M 
function is responsible for excisions, observable somatically 
as spots of deep anthocyanin pigmentation in the aleurone. 
Several 'modifiers' (McClintock, 1956) of Spm action have 
been identified on studies with the pale a-ml state. The 
first type of modifier behaves as a recessive to Spm. In the 
absence of Spm but in the presence of this modifier, the plant 
tissues develop pigment although the rate of development is 
much slower. The kernels are usually totally colorless 
(suppressed) and in some of them small dots of deep pigmenta­
tion may appear. Several modifiers of this type have been 
observed and map to different chromosomes. The second type of 
modifier, in the presence of Spm, greatly enhances the 
frequency of occurrence of mutation (enhances M action) in 
some alleles of a-ml which normally have a lower frequency 
(McClintock, 1956, 1957, 1958). This enhancement occurs in 
the presence of a standard Spm (Spm-s) or a weak Spm (Spm-w) 
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(McClintockr 1958), The third type of modifier is a system 
composed of two complementary elements which are located 
Independently on the chromosome complement and its effects are 
»• 
observed in the absence of Spm« One of the elements is 
responsible for a regular pattern of presence and absence of 
pale pigmentation (unstable suppression) and in the presence 
of the second coraplementable element, dots of deep anthocyanin 
pigmentation appear in the colorless areas. Another modifier 
of Er\ action is observed with the En-Malt element (Reddy and 
Peterson, 1983) which reduces the coarse pattern with certain 
alleles of the c^ locus to a fine pattern (alters timing to 
late). 
The Spm-w element has a much weakened capacity to suppress 
gene action at a-ml and to induce mutation at the locus 
(McClintock, 1957) compared to the standard Spm-s element. 
The a-ml allele containing plants with Spm-w become fully 
colored only at late maturity whereas plants with no Spm 
develop pigment at early stages. In the kernel, the residual 
pale pigmentation of the a-ml allele is suppressed but mutant 
spots are totally absent or just a few spots appear. One of 
the derivatives of the autonomous a-m2 allele was also 
identified as Spm-w (McClintock, 1965b) and suggested to be a 
mutation primarily affecting the M component. 
Peterson (1966) detected a weak En' element which trans­
posed from the a-m(flow) allele. A position effect was also 
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documented on the autonomous En controlled a2-m(41629) allele 
(Peterson, 1976). This Eri triggered very late mutations and 
did not have a sufficiently strong trans activity as evidenced 
by the absence of mutability on the a-ml and a-m(r) alleles, 
though the a2-ml allele was weakly suppressed. By transposi­
tion of this En* to an independent location its activity was 
standard. 
Various autonomous states with characteristic phenotypic 
patterns have been obtained as derivatives of the original 
a-m(dense) mutant (Peterson, 1961, 1981). The a-m(papu) 
allele (Peterson, 1970) exhibits an aleurone variegation 
pattern of variable pale to deep purple areas on a light pale 
background. This state gives a high rate of stable pale and 
colorless germinal derivatives. The a-m(Au) allele (Peterson, 
1985b), considered as an unstable A allele, has a very high 
rate of spotting as observed in a pr/pr genotypic background 
and generates a high rate of colorless derivatives. The 
interesting feature is that in the presence of another ^  in 
the genome, the spotting frequency of a-m(Au) is reduced 
(Peterson, 1985b). 
Spatially restricted phase activity of En was demonstrated 
(Peterson, 1966) in derivatives of the autonomous a-m(dense) 
allele displaying the 'flow' or 'crown' spotting pattern. By 
the use of the pale a-ml allele it was possible to show that 
En-flow was only active at the base or gown of the kernel and 
23 
in the crown region the a-ml allele pigmentation was unsup-
pressed. Likewise, the En-crown element is active in and M 
function only at the crown or silkscar area. In the 
restricted phase activity of these En types, the and M 
components are simultaneously switched either 'off' or 'on' in 
a restricted region of tissue in the kernel. Fowler and 
Peterson (1978) reported an En-v (En-variable) element which 
showed a low spotting pattern in the main-stalk ear and a 
higher spotting pattern in the tiller ear. This increased 
level of mutability of the tiller ears is maintained when 
transmitted through the main stalk ear in the subsequent 
generation and indicates that transient alterations of the 
En-v activity can be produced by the developmental stage. 
Cyclic changes in expression of the Spm elements were 
described by McClintock (1957, 1958, 1959, 1961b, 1962, 1971). 
These elements designated Spm-c (Fedoroff, 1983) were 
initially identified in a line containing the a2-ml allele 
(McClintock, 1957). The Spm-c element undergoes frequent 
changes in activity during the development of a plant, pheno-
typically observable on the aleurone as colorless subsectors 
within a colored sector on a colorless background (see last 
section for a2-ml state phenotype). A frequently cycling 
Spm-c can transiently activate an inactive Spm to a similar 
activity phase as evidenced by the increased dose effect on 
the a2-ml state (McClintock, 1958, 1959). Different Spm=c 
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elements though undergo cycles of activity independently of 
each other (McClintock, 1959> 1961a). 
The S_ and M components of Spm(En) can undergo cycles of 
activity (McClintock, 1965, 1967), The £ component exhibits 
changes from active + inactive + active as demonstrated on the 
a2-ml state. Changes in the M component are infrequent events 
resembling mutations and have been detected only in those 
cells of the plant in which the component is active 
(McClintock, 1965b). While the mutation inducing response (M 
function) may be independently reduced or eliminated, with the 
elimination of the suppressive response (S^ function) no 
mutational responses will occur (McClintock, 1967). From 
this, it was inferred that the suppressive response must 
precede the mutational response. 
Peterson (1981) reported that transposed En elements, from 
the a-m(papu) or a-ra(Au) alleles which exhibit a distinct 
pattern at the a locus, also show cyclic activities in the 2 
and M components. Ejn elements with an unstable component 
(S-u ) were identified which showed ^  S changes. From 
these En elements, it was inferred that changes in the S_ and M 
components could be independent of each other suggesting 
different functional units of 2 M function. 
In all the examples of Sn(Spm) action described so far, 
the variegated phenotype is determined by the presence of the 
regulator element in that generation or tissue. Presetting 
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(McClintockr 1963/ 1964, 1965b, 1967) is a unique phenomena in 
which the active Spm(En) element programs a gene to be 
expressed in a specific pattern after the Spm(En) element has 
been removed either by somatic loss or by meiotic segregation. 
The presetting pattern is a somewhat mottled phenotype 
observed with the a-m2(7977B) and a-m2(7995) alleles which are 
normally colorless without Spm (McClintock, 1963, 1964, 1965b, 
1967). In these a-m2 alleles, Spm(En) activates the a locus 
by expression of color, exhibiting dark spots on a pale back­
ground. Exposure of these alleles to an active Spm and then 
removal (meiotic segregation or somatic loss) of the Spm, 
results in kernels with a mottled phenotype but not containing 
Spm. An inactive Spm is not capable of presetting though 
Spm-w can, suggesting that the S component is responsible for 
presetting (McClintock, 1965b). 
2.4. Molecular Features of Maize Transposable Elements 
2.4.1. Cloning of transposable elements 
McClintock (1950a) proposed the concept of transposable 
genetic elements at the time when efforts were being made to 
prove DNA as the hereditary material (Hershey and Chase, 
1952). Since the beginning of this present decade, develop­
ments in plant molecular biology have initiated studies of 
maize transposable elements at the DNA level. 
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The initial strategy involved selection of cDNA clones for 
specific genes using antibodies prepared against the purified 
orotein product of the gene. cDNA clones from the Sh gene 
could be isolated (Burr and Burr, 1980; Geiser et al., 1980; 
Chaleff et al., 1981) and, consequently, genomic clones of the 
wild type Sh gene (Burr and Burr, 1982; Geiser et al., 1982) 
as well as a clone from the mutant allele sh-m5933 containing 
Ds (Geiser et al., 1982) were isolated. Similarly, a cDNA 
clone of the Adhl gene (Gerlach et al., 1982) enabled the 
cloning and sequencing of Dsl (Peacock et al., 1983; Sachs et 
al., 1983; Sutton et al., 1984) and also the isolation 
(Strommer et al., 1982), cloning (Bennetzen et al., 1984) and 
sequencing (Barker et al., 1984) of the Mul transposable 
element. A summary of the transposable elements cloned in 
maize is given in Table 2.4. 
It was not until the Wx gene was cloned (Shure et al., 
1983; Schwarz-Sommer et al., 1984) that the regulatory element 
Ac (Fedoroff et al., 1983b; Behrens et al., 1984), the ^  
element (Schwarz-Sommer et al., 1984) and the En element 
(Pereira et al., 1985) could be cloned and studied. 
The second era of cloning genes and transposable elements 
by 'gene tagging' involved the use of probes from the cloned 
transposable elements to clone other genes at which an inser­
tion of the same transposable element had been identified. 
The isolation of the Ac element (Fedoroff et al., 1983b) from 
Table 2.4, Cloned maize transposable elements 
Locus Allele Element 
anthocyanlnless a~m(papu) En(papu) 
<al) a-MuM2 Mul 
a-ml(6078) 16078 
a-ml(5719A-l) 15719 
a-ml(1112) 11112 
a-m2(799lA) Spm-s 
a-m2C Spm-w) Spm-w 
a-m2(!7995) dSpm 
a-m2C7977) dSpm 
a-m2(!?D04) dSpm 
a-m2(8010) dSpm 
a-m2(8167) dSpm 
a-m2(84r7) dSpm 
alcohol dehydrogenase 1 adh-Fm335 Dsl 
(adhl) adh-2Fli Ds 
adh-£i3034 Mul 
adh-S!5446 Bsl 
bronze (bzl) bz-m% Ac 
UDP glucose:flavonoid bz-ml'3 dSpm-13 
glucosyl transferase bz-mî! Ac 
bz-mI!'(DII) Ds 
Bz-wm Dsl 
colored aleurone c~m6618655 En 
(cl) c-m6(;8613 En 
4 
Size 
(kb) Reference 
8.3 O'Reilly et al., 1985 
1.4 O'Reilly et al., 1985 
2.241 Schwarz-Sommer et al., 1985b 
0.789 Schwarz-Sommer et al., 1985b 
0.945 Tacke et al., 1986 
8.3 Fedoroff et al.. 1985 
6.6 Fedoroff et al.. 1985 
3.6 Fedoroff et al.. 1985 
1.5 Fedoroff et al.. 1985 
1.3 Fedoroff et al.. 1985 
8.3 Fedoroff et al.. 1985 
8.3 Fedoroff et al.. 1985 
2.0 Fedoroff et al.. 1985 
0.405 Sutton et al., 1984 
1.319 Courage et al.. 1984 
1.367 Bennetzen et al. , 1984 
3.3 Johns et al., 1985 
4.5 Fedoroff et al.. 1984 
2.2 Schiefelbein et al., 1985a 
4.5 Dooner, 1985 
3.7 Schiefelbein et al., 1985b 
0.4 Schiefelbein et al., 1985b 
8.3 Paz-Ares et al., 1986 
8.3 Paz-Ares et al.. 1986 
Table 2,4. Continued 
Locus 
colorless 
(ç2) 
shrunken (shl) 
sucrose synthase 
waxy (wx) 
UDP-glucose-starch 
glucosyItransferase 
Size 
Allele Element (kb) 
c2-m]. SRI» 8.3 
c2—miî I 4.5 
sh-raf)933 DS5933 4.088 
sh-m6233 DS6233 4.088 
sh-5586 Tz86 3.3 
wx-ml Dsl .405 
wx-m6 Ds6 2.04 
wx-m7 Ac 7 4.563 
wx-m£! Spra-I8 2.241 
wx-raS» Ds9 4.369 
Acwx-m9 Ac 9 4.563 
wx-844 Enl 8.287 
Reference 
Wienand et al,, 1986 
Wienand et al,, 1986 
Geiser et al., 1982 
Week et al., 1984 
Dellaporta et al., 1984 
Dellaporta et al., 1985 
Fedoroff et al., 1983 
Behrens et al., 1984 
Schwarz-Sonuner et al., 1984 
Fedoroff et al., 1983 
Fedoroff et al., 1983 
Pereira et al., 1985 
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the wx-m9 allele was exploited to clone the ^  (bronze) locus 
(Pedoroff et al., 1984) using the bz-m2 mutant which contained 
.\c. Similarly, the isolation of the En element (Pereira et 
al., 1985) enabled the cloning of the a locus (O'Reilly et 
al., 1985). 
2.4.2. Structural features of maize transposable elements 
Most maize and other plant transposable elements possess 
inverted repeat (TIR) sequences at their termini and generate 
a short duplication at the target site (TSD) upon integration 
(Table 2.5), The lengths of the TIR sequence and the TSD are 
characteristic for a given 'family' of elements in prokaryotes 
(Calos and Miller, 1980; Kleckner, 1981). In maize, a 
genetically defined transposable element system (e,g,, En-I ) 
is like a family of elements. All the members of a particular 
system or family possess similar features molecularly. 
The members of the Ac-Ds system (Table 2.5) make an 8 bp 
duplication of the target site and have a TIR of 11 bp with a 
few exceptions. The exceptions are the two ^  elements 
isolated and the derivative Ds9 from the wx-m9 allele (Table 
2.4), which have an imperfect terminal inverted repeat (see 
Table 2.5). The members of the En-I system make a 3 bp TSD 
and have a perfect TIR of 13 bp. The Mul element which 
generates a 9 bp TSD has inverted terminal repeats of 215 and 
213 bp showing 95% homology. 
Table 2.5. Characteristic sequence features of maize transposable elements 
Element Allele Size (kb) Terminal repeat TSD Reference 
Ac wx-m7 
double Ds sh-m5933 
4.563 
4.080 
Dsl 
Mul 
En 
BslL 
Tz86 
adh-Fm335 0.405 
adh-S3034 1.367 
wx-844:;En-l 8.287 
wx-m8 2.241 
adh-S5446 3.3 
sh-5586 3.6 
TAGGGATGAAA 
GTCCCTACTTT 
TAGGGATGAAA 
ATCCCTACTTT 
TAGGGATGAAA 
ATCCCTACTTT 
GAGA(etc 215 bp) 
CTCT(etc 213 bp) 
CACTACAAGAAAA 
GTGATGTTCTTTT 
CACTACAAGAAAA 
GTGATGTTCTTTT 
8 Muller-Neumann et al., 
1984 
8 Doring et al., 1983, 
1984a 
8 Sutton et al., 1984 
Barker et al., 1984 
Pereira et al., 1985 
3 Gierl et al., 1985a 
304 bp direct repeat 6 
no terminal repeats 10 
Johns et al., 1985 
Dellaporta et al., 
1984 
Figure 2.1, Molecular structural relationship between the 
regulatory element ^  and receptor elements 
(Doring and Starlinger, 1984), The broken 
circles internal in ^  elements represent the 
coordinates of deletion with respect to the 
sequence. A designates the deletion, all numbers 
(except for element nomenclature at left margin) 
designate nucleotide length and the numbers with 
arrows are relative to Ac_ sequence coordinates. 
The dashed line in Ds2Fll shows sequence 
divergence from Ac, the wavy line in Dsl 
designates a sequence unrelated to Ac. In the 
double Ds structure, the arrows designate that an 
insertion of a Ds unit is in opposite orientation 
to the Ds_ unit it inserts in at position 3614 as 
indicated in the arrow for Ds5933 
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There are some unexplained facts which do not fit these 
rules. The Bsl element from the adhl-S5446 mutant isolated 
after plant virus treatment has a 304 bp direct repeat and 
creates a 6 bp TSD. Another element Tz86 from the sh-5586 
mutant isolated from aberrant ratio lines derived after virus 
treatment has no terminal repeats and causes a 10 bp TSD. An 
unexpected observation from different species is that the Taml 
(Bonas et al., 1984) and Tam2 (Upadhyaya et al., 1985) 
elements of Antirhinum majus, the Tqml (Vodkin et al., 1983) 
insert of soybean, and the En~I elements of maize, all share a 
common sequence at their termini (CACTA) and create a 3 bp TSD 
(see Nevers et al., 1985). 
The regulatory element, is 4563 bp long (Muller-
Neumann et al., 1984) and the different receptor Ds elements 
isolated show varying degrees of similarity to the Ac element. 
Figure 2.1 shows a diagramatic representation of the different 
Ds elements compared to the ^  element structure. Ds9 has a 
194 bp deletion (Pohlman et al., 1984) in a region correspond­
ing to the open reading frame ORFl which makes it defective 
for the trans-active regulatory functions for transposition. 
Ds6 is a 2040 bp unit with an internal deletion. Ds59 33 and 
Ds6233 are composed of a double Ds structure formed by the 
insertion of one unit (similar to Ds6) into the middle 
(position 3614 of sequence) of the other unit, in inverted 
orientation (Doring et al., 1984a) as shown below in Figure 
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2.1. In sh-m6233, the insertion consists of only this double 
Ds of 4088 bp (Week et al., 1984). In sh-m5933, this double 
Ds is part of an insertion of approximately 30 kb interrupting 
the gene (Courage-Tebbe et al., 1983). This structure is 
described later in section 2.4.3 in context with chromosomal 
breakage. 
In addition, there are some even more aberrant Ds 
elements. Dsl shown in Figure 2.1, is 405 bp long and contains 
only the terminal repeats homologous to The rest of the 
internal region bears no homology to although this internal 
region is also repetitive in the genome. The Ds2F11 shares a 
few hundred bp homology at each end to Ac^, but the internal 
region of 428 bp shares almost no homology, indicating that a 
deletion from ^  followed by strong divergence of the internal 
sequence has occurred. From all these different receptor Ds 
elements, it can be inferred that only the 11 bp terminal 
repeat is required for recognition by the Ac element to induce 
excision/transposition. 
The members of the En-I system display a simpler 
structural relationship between the regulator En and the 
receptor jC elements. All the ^  elements molecularly isolated 
(Schwarz-Sommer et al., 1984; Fedoroff et al., 1985; 
Schiefelbein et al,, 1985a) so far (see Table 2,4) bear 
internal deletions when compared to the structure of the En 
element (Pereira et al., 1985). 
35 
2.4.3. The effects of transposable element insertion on gene 
expression 
Concurrent with the molecular studies of transposable 
Elements at isolated loci, the detailed structure of some of 
these cloned genes (Sh, Adh, Wx) has been determined and 
preliminary results of other genes (A, Ç, C2^, Bz^, R, P) is 
available. The structure of the Sh gene is represented in 
Figure 2.2 (adapted from Werr et al., 1985) showing the 
exon/intron structure and flanking signal sequences. The 
position of the transposable element insertions isolated from 
the S!i locus is also indicated. 
The general features of a plant gene, represented by the 
Sh gene structure, include a large number of introns and exons 
giving an interrupted gene structure. The exon-intron borders 
are in agreement with the GT-AG rule (Breathnach and Charabon, 
1981). At the 5' region upstream of the.transcription start 
is the Goldberg-Hogness box (Proudfoot, 1979) or TATA-box at 
position -29, and a sequence showing homology to the CAAT-box 
(Breathnach and Chambon, 1981) at position -124. The poly-
adenylation signal (AATAAA) is 31 nucleotides in front of the 
poly (A) addition site (Proudfoot, 1984). The general 
interrupted gene structure of the Wx (Klosgen et al., in 
preparation MPI, Cologne, FRG) and the Adh (Dennis et al., 
1984) genes is similar. The restriction map of the Wx gene 
(adapted from Schwarz-Sommer et al., 1984) is represented in 
Figure 2.2, Molecular structure of ^  gene (adapted from Werr et al., 1985). The 
broader boxes represent exons and the intervening thinner boxes 
represent introns. The signal sequences are indicated by arrows in the 
bottom diagram. The top diagram is a restriction map showing position 
of transposable element inserts in the ^  locus. The restriction 
enzyme sites indicated are as follows: 
P = PstI 
H = Hindlll 
B = Bglll 
V = PvuII 
C = Clal 
0(6233 0(5933 ri86 
Figure 2.3. Molecular structure of the Wx locus (adapted from Schwarz-Sommer et 
al., 1984), The transcription unit is shown underneath as 5' * 3*. 
The sites of various transposable element inserts at the Wx locus are 
shown by arrows,, The restriction enzymes shown on the map are as 
follows: 
B = BamHI 
S = Sail 
Ac}' fn| M Dfl Ac9 18 
' III ill W 
sss SSS vo 
5' •a' 
Ihk 
4 
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Figure 2.3, showing the position of the various transposable 
elements cloned. 
The Dsl element in the adh-Fm335 allele is located between 
the promoter and the first exon of the Adh gene (Sachs et al., 
1983; Peacock et al., 1983). The mutant homozygote has 14% of 
the normal enzyme activity (Osterman and Schwartz, 1981) and 
the product is thermolabile. It has been suggested that 
transcription is initiated from within Dsl and a part spliced 
out (Peacock et al., 1984). This would result in an altered 
N-terminal of the protein contributing to thermolability. 
Altered proteins have been reported in the Ds containing 
sh2-ml (Hannah and Nelson, 1976), sh-m6258 and sh-m6795 
(Fedoroff et al., 1983a), and bz-wm (Dooner and Nelson, 1977) 
alleles and also the Ac containing wx-m9 (Schwartz and Echt, 
1982; Shure et al., 1983) and wx-B3 (Echt and Schwarz, 1981) 
alleles. An altered protein has also been seen in the ^ 
containing allGls (Klêin and Nëlsoti, 1333). The wx—mo 
mutant in the presence of A£ produces a larger protein (Shure 
et al., 1983) which has been proposed to be responsible for 
the reversion event phenotype which is intermediate in 
staining (iodine) between Wx and wx-mS genotypes. 
The Ds in the adh-2Fll allele is located in the fourth 
exon of the Adh gene (Doring et al., 1984b, Dennis et al., 
1984) and is cotranscribed with the Adh gene displaying a null 
phenotype. This chimeric transcript is unaffected by Ac_, The 
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Spm-I8 insertion, in an exon of the wx gene (Schwarz-Sommer et 
al., 1985a), at the wx-mS allele is also cotranscribed with 
,.he wx message. This chimeric transcript which is observed in 
the absence of En, and polyadenylated within the insert, is 
suppressed in presence of ^  (Gierl et al., 1985a, 1985b). 
The Tz86 insertion in the sh-5586 mutant is located in the 
second from the last (15) exon (Dellaporta et al., 1984) and 
contributes to a null phenotype. 
It is understandable why insertion in an exon could have 
drastic effects on expression of a gene, but there are a large 
number of insertions present in introns which also affect the 
expression of the gene. These include Os insertions at 
sh-m5933 (Courage-Tebbe et al., 1983), sh-m6233 (Week et al., 
1984), 3h-m6258 and sh-m6795 (Fedoroff et al., 1983a). In the 
mutants sh-m6258 and sh-m6795 shorter than wild type mRNA has 
been found (Fedoroff et al., 1983a) as if transcription 
terminated in the Ds element. The Mu1 insert in the adh-S3034 
mutant (Strommer et al., 1982; Bennetzen et al., 1984) is 
located in the first intron of adh, and results in adh enzyme 
and mRNA levels 40% of wild type which has been suggested due 
to inefficient RNA processing or transcription. One likely 
alternative that has been completely overlooked by them, is 
that excision in some cells gives rise to the wild type 
message as has been demonstrated for the wx-m8 + ^  mutant 
lins (Gierl et al., 1985a). 
42 
The Ds mutant bz-m4 has an altered timing and tissue 
specificity which was suggested (Gerats et al., 1983) to be a 
deletion fusing the locus to the control region of the sh 
locus. From recent studies of the sh locus (Week et al., 
1984; Werr et al,, 1985), it is now known that the bz-m4 
mutant contains a deletion that extends to a position 500 bp 
upstream of the translation start signal of the sh locus. As 
the translation start is in the second exon (Figure 2.2), this 
would put the bz-m4 allele under control of the sh. promoter 
including the upstream-610 putative endosperm specificity 
sequence (Werr et al., 1985). 
In general, the varying effects of transposable element 
insertion at a locus depend both on the position and the 
composition of the element as has been suggested by genetic 
interpretations (Peterson, 1981). A good example of the 
•position' hypothesis (Peterson, 1977) is the case of the two 
identical Ac elements isolated from different positions of the 
wx gene from the wx-m9 and wx-m7 mutants which have a notable 
difference in phenotypic variegation pattern. 
A special effect of transposable element insertion is 
caused by Ds^ which provides the specific site of chromosome 
breakage (McClintock, 1946, 1947) in the presence of ^  
(McClintock, 1947, 1948). Chromosome breakage results in loss 
of expression of distal marker genes in a suitable genotype. 
Molecular explanations for chromosome breakage have been 
Figure 2.4. Structure of the sh-ni5933 allele and some 
revertants (Doring et al., 1984a). The boxes 
represent Ds_ elements with size in kb shown 
underneath. The 4 kb Ds element is a complete 
double Ds element (4088bp) as shown in Figure 
2.1. The 3 kb Ds element lacks the left unit and 
the 1 kb Ds in the revertant lacks all of the 
double Ds except for the right unit. The arrows 
represent the orientation and indicate homology. 
The partial duplication of the sh locus and a 
part of the 23 kb insertion is separated by a 
dashed line as the exact position is not known 
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suggested (DOring et al., 1984a; DOring and Starlinger, 1984) 
following the elucidation of the complex Ds structures in the 
?h-m5933 (Doring et al., 1984a) and sh-m6233 (Week et al., 
1984) alleles which show breakage. 
In the sh-m5933 and sh-m6233 mutants, a duplicated or 
'double Ds' insertion is present in the sh gene. The double 
Ds consists of an insertion of a 2040 bp Ds_ element into an 
identical copy of itself (see Figure 2.1) and causing an 8 bp 
duplication at the target of insertion within Ds. This double 
Ds structure (4088 bp) is transposed as a unit as evidenced 
from the fact that both these mutants (sh-m5933 and sh—m6233) 
contain the identical double Ds insert but at different 
positions in the gene (7th intron and 1st intron). The 
sh-m6233 contains this double Ds structure which has been 
proposed as responsible for chromosome breakage. The sh-m5933 
has a more complex structure. It has a 30 kb insert in the sjl 
gene which is flanked at the 5* end by the 4 kb double Ds and 
on the 3' end by a 3 kb partial double Ds (see Figure 2.4.). 
The 23 kb internal region, between the two Ds^ units, is also 
inverted at the terminal region adjacent to the ^  units. A 
segment of this 30 kb insertion, from the central portion of 
the 23 kb insertion between the double Ds units and up to a 
point 20 kb upstream of the s^ gene, is duplicated in this 
mutant line. In a revertant of this mutant showing wild type 
sh product, the 30 kb insertion has been excised but the 
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downstream duplication persists and causes chromosome 
breakage. This region also has a double Ds structure thereby 
contributing to chromosome breakage. 
2.4.4. Excision of transposable elements 
Apart from the gross mutational effect caused by the 
insertion of a transposable element in a gene, excision of an 
element can cause sequence alterations which may alter the 
primary structure of the gene. Imprecise excision can lead to 
a large number of possibilities from a single insertion event. 
Table 2.6 summarizes the excision events studied by sequencing 
the target of insertion events. 
Insertion in exon sequences like in the wx-m8 mutant (see 
Table 2.6) can give rise to germinal revertants of a normal 
phenotype but having amino acid substitutions or additions 
(Schwarz-Sommer et al., 1985a). In addition, frameshifts and 
deletions have also been documented from somatic excision 
events, not all leading to a wild type product. These 
sequence alterations have also been proposed for a role in 
evolution (Courage et al., 1984). 
The imprecise excision (tJevers et al., 1985) of maize and 
other plant transposable elements is unlike the precise 
excision events of bacterial transposons (Kleckner, 1983) and 
the Drosophila P element (O'Hare and Rubin, 1983). These 
excision events mediated by 'transposase*, exonuclease and 
polymerase activity have been postulated in models of plant 
Table 2.6. Excision products generated by maize transposable elements 
Allele References 
wild type Adh -GGGACTGA-
mutant adh-Pm335 -GGGACTGA—Ds 1—GGGACTGA- Sachs et al., 1983 
revertant adh-RVl -GGGACTGTCGGACTGA- Sutton et al,, 1984 
revertant adh-RV2 -GGGACTGTCCGACTGA-
revertant adh-RV3 -GGGACTGTC ACTGA-
revertant adh-RV4 -GGGACTG GGACTGA-
wild type Sh -CTTGTCCC-
mutant sh-m6233 -CTTGTCCC—Ds CTTGTCCC- Week et al., 1984 
revertant sh-m6233rl -CTTGTC CTTGTCCC-
wild type Wx -CATGGAGA-
mutant wx-m9::Ac -CATGGAGA--Ac9--CATGGAGA- Pohlman et al., 1984 
revertant wx-9rl -CA.TGGAGA TGGAGA-
wild type Wx -GCATCACC-
mutant wx-ml -GCATCACC—Ds 1—GCATCACC- Dellaporta, 1984 
revertant wx-ml(GMl) -GCATCACGGCCATCACC-
revertant wx-ml(GM2) -GCATCACC ATCACC-
wild type Wx -GTT 
mutant wx-m8 -GTT-I-GTT Schwarz-Sommer et al.. 
revertant wx-8rl -GTTATT- 1985a 
revertant wx-8r2 -GTCGTT-
wild type Wx -TCAÂGTTCAAC-
mutant -TCAAGTT-I-GTTCAAC-
somatic TCAAGT GTTCAAC 
excisions TCAAG GTTCAAC 
TCAA GTTCAAC 
TCAAGTT ATTCAAC 
TCAAGTACGTTCAAC 
TCAA C 
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transposable element transposition mechanisms (Saedler and 
Nevers, 1985; Peacock et al., 1984). 
2.4.5. Allelic variants of mutable alleles 
Following the initial insertion of a transposable element 
at a locus, a heritable 'change in state' can occur which 
determines a different pattern of variegation. These changes 
in state characterized by differences in the frequency and/or 
time of occurrence of mutations (McClintock, 1947), are being 
examined molecularly at a number of loci where derivatives of 
an original state display different phenotypic patterns. 
There are various examples supporting the 'composition' 
hypothesis (McClintock, 1958) in the allelic variants studied 
molecularly, and a few cases supporting the 'position' 
hypothesis (Peterson, 1977) which have largely been dealt with 
in a previous section (2.4.3). 
In the isolation of Ac and from the wx-m9 mutant 
(Fedoroff et al., 1983b), it was demonstrated that a change 
from Ac to Ds involved a deletion of an internal segment of 
DNA which disrupted an open reading frame (ORFl) which was 
proposed to be codogenic for the Ac transposase (Muller-
Neumann et al., 1984). This proposal is supported by studies 
on the bz-m2 allele (Schiefelbein et al., 1985b) in which a 
deletion within Ac, which encompasses ORFl and 0RF2, converts 
it to a Ds in the derivative bz-m2(DII). Such a direct 
conversion from a regulatory to a receptor element by internal 
49 
deletion in the En-I system has been supported by studies on 
the autonomous a-m2 allele and derivatives (Fedoroff et al., 
/-985). 
In derivatives of the bz-ml3 allele having altered pheno-
typic pattern, internal changes in the inserted I(dSpm) 
element have been noted but no conclusions drawn. A detailed 
study of the states of the a-ml allele (Schwarz-Sommer et al., 
1985b) has provided more conclusive information. Here, a 
reduction in the frequency of spots of a responding 2 element 
has been related to the dimunition of internal sequences at 
the termini. This has been suggested to affect the highly 
structured termini and reduce the binding efficiency of the 
transposase at the ends of the element thereby reducing the 
frequency of excision events. 
Deletions adjacent to an element have been documented to 
change the expression of an allele. While integration of Mul 
in the adh-S3034 allele allows expression of mRNA and protein 
at a level 40% that of wild type, a 74 bp deletion immediately 
adjacent to Mul in the derivative adh-S3034a eliminates 
expression by destroying the first exon/intron junction 
(Taylor and Walbot, 1985). A similar case has been found for 
the Ac_ element in the bz-m2 allele (Dooner, 1985). A deriva­
tive bz-s2114(Ac) which has a stable recessive phenotype 
contains Ac but has a deletion of 1 kb adjacent to the insert. 
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Modification of elements by methylation at specific sites 
has been correlated with a loss in activity of ^  elements in 
^/ihe Mutator system (Walbot et al., 1985; Chandler and Walbot, 
1985) involved in the mutability of the bz2-mul allele. 
Likewise methylation has been reported to be involved in the 
inactivation of Ac in the wx-m7 allele (Chomet and Dellaporta, 
1984). Methylation in the inactive of the wx-m7 allele has 
been shown to be confined to one end of the element (Dennis et 
al., 1985) which is in the putative promoter region of the ^  
gene product (Kunze and Starlinger, 1986). 
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MATERIAL AND METHODS 
Alleles or 
elements 
a-ml 
a-m(r) 
Bz 
3,1 Gene Symbols and Genetic Terminology 
Description or phenotype 
A dominant allele of one or the genes 
necessary for the synthesis of anthocyanin 
pigment in the plant and aleurone (chromosome 
3). 
A recessive allele of A, gives a colorless 
phenotype. 
A recessive allele of A with an insert 
which responds to In the absence of En, 
the aleurone is pigmented pale; in its 
presence, colored spots are produced on a 
colorless background. 
A recessive allele of A with an 2 insert 
which responds to In the absence of En, 
the aleurone is colorless; in its presence, 
colored spots are produced on a colorless 
background. 
A dominant allele which conditions purple 
anthocyanin pigment in the aleurone 
(chromosome 9). 
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A recessive allele of Bz^ which displays a 
bronze or brownish-pale aleurone 
pigmentation. 
A dominant allele of one of the genes 
necessary for the synthesis of anthocyanin in 
the aleurone (chromosome 9). 
A dominant color inhibitor epistatic to other 
anthocyanin genes and an allele of C-I 
conditions a colorless aleurone. 
Enhancer, a regulatory element acting in 
trans, necessary for mutability of En 
responsive alleles. 
The first Enhancer element cloned, 
autonomously controlling the mutability of 
the wx-844 allele. 
Inhibitor, a receptor element of the En 
transposable element system, suppresses gene 
activity when inserted in a locus and excises 
in response to En. 
A dominant allele which conditions a plump 
kernel phenotype, codes for the enzyme 
sucrose synthase (chromosome 9). 
A recessive allele of Sïi gives a shrunken 
kernel phenotype. 
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Wx 
wx 
wx-ra8 
wx-844 
A dominant allele (chromosome 9) involved in 
synthesis of amylose. Endosperm and pollen 
stain blue-black with I2-KI reagent. Wx gene 
responsible for the starch granule bound 
UDP-glucose-starch glucosyltransferase. 
A recessive allele of Wx which displays a 
waxy endosperm and does not stain deeply with 
I2-KI reagent (reddish-brown). 
A recessive allele of Wx with an ^ insert 
which responds to In presence of En 
shows variegation of wx + in endosperm or 
pollen which can be visualized by I2-KI 
staining. 
A mutable allele of W^ containing the En-1 
insert. Shows variegation of wx + Wx in 
endosperm or pollen which can be visualized 
bv I2-KI stainina. 
Terras 
Autonomous 
Basic allele 
phenotype 
Def inition 
A transposable element (regulatory) inserted 
at a locus which needs no separate factor to 
display mutability of the mutable allele. 
The phenotype of a mutable allele in the 
absence of the regulatory element, can range 
from colorless to fully colored. 
54 
Mutability 
Mutable allele 
Receptor 
elements 
Regulatory 
elements 
State 
Transposable 
element system 
Variegated or spotted phenotypic expression 
in a tissue that is characterized by more 
than one phenotype such as colored spots or 
sectors on a colorless background. 
An allele under the control of a transposable 
element system; displays variegation in 
presence of the active regulatory element. 
Elements such as I^, when inserted at a locus 
suppress gene function; also receive signals 
from a specific regulatory element so that 
gene activity is restored at the controlled 
locus. 
Elements such as En which can excise the 
receptor element ^  from the mutable allele. 
Refers to an allelic state that is expressed 
as a definable mutable pattern. 
A system includes a receptor and regulatory 
element that express a specific interaction. 
Abbreviation 
ATP 
BBL 
bp 
BSA 
3,2 Abbreviations 
Term 
Adenosine triphosphate 
Baltimore Biological Laboratory (Trypticase 
Soy Agar) 
Base pair(s) 
Bovine serum albumin 
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g-ME e-raercaptoethanol 
cpm counts per minute 
CTAB N-cetyl-N,N,N-trimethylammonium bromide 
DBAE Diethylaminoethyl 
DEP Diethyl pyrocarbonate 
Dieca Na-diethyldithiocarbaminate 
dNTP Deoxynucleoside triphosphate 
N = A Adenosine 
T Thymidine 
C Cytosine 
G Guanosine 
EDTA Ethylenediaminetetraacetate 
FTL Freeze-Thaw-Lysate 
kb kilobase(s) 
Kl/12 Iodine dissolved in KI solution 
NH^Ac Ammonium acetate 
NZ Nz amine (Type-A casein hydrolysafee) 
OD Optical density 
Pfu Plaque forming units 
RNAse Ribonuclease 
RB buffer (10 mM Tris pH 7.5, 0.1 mM EDTA) 
SE Sonication extract 
SDS Sodium dodecyl sulphate 
STET O.IM NaCl, 10 mM Tris (pH 8.0), 0.1 mM EDTA, 
0.5% Triton X=100) 
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Tris Tris (hydroxyraethyl) aminomethane 
TE Tris-EDTA buffer (10 mM Tris pH 8.0, 1 mM 
EDTA) 
UV Ultraviolet 
X-gal 5-bromo-4-chloro-3-indolyl-g-D-galactoside 
One letter code for amino acids 
A Alanine 
R Arginine 
N Asparagine 
D Aspartic acid 
C Cysteine 
Q Glutamine 
E Glutamic acid 
G Glycine 
H Histidine 
I Isoleucine 
L Leucine 
K Lysine 
M Methionine 
F Phenylalanine 
P Proline 
S Serine 
T Threonine 
W Tryptophan 
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Y Tyrosine 
V Valine 
3.3 En Transposable Element Mutagenesis 
In order to clone the transposable element En, an 
experiment was set up to transpose the functional En element 
into the wx gene for which a molecular probe was available. 
The strategy involved the availability of a genetic stock 
homozygous for C-I to visualize wjc mutants, and containing En 
elements segregating in the line. 
An isolation plot was set up in the summer of 1983 at the 
Agronomy farm near Ames. The crossing scheme (Cross A) 
involved the ^  containing line, homozygous for C-I, as the 
female parent (which was detasseled before flowering) and a 
C sh bz wx tester as the male line, 
C-I Sh Bz Wx a-m(r) C s^ bz^ wx A 
Cross A En X — 
C-I Sh Bz Wx A C sh bz wx A 
The dominant alleles of all color determining loci except 
those shown in cross A were present in the two lines. 
Individually isolated unstable mutant wx kernels were selected 
visually and planted in the greenhouse at the Max Planck 
Institute, Cologne, FRG. 
The unstable wx mutant, designated as wx-844, was grown in 
the greenhouse, 25g leaf material harvested at six weeks for 
cloning purposes, and crosses were made on three different En 
tester lines A, a-m(r)/a-ml? B, a2-m(r)/a2-m(r)i C, wx-mB/ 
58 
wx-mB; c2-m2/c2-m2. This plant with the Cologne greenhouse 
number 517 was also selfed and a segment of the tassel stored 
in 70% ethanol for staining the pollen with iodine reagent. 
3.4 Maize Nucleic Acid Isolation 
3.4.1 Maize DNA preparation 
Four to six week old plants were used for DNA extraction. 
The procedure followed was essentially as described by 
Schwarz-Sommer et al. (1984). Leaves were excised from the 
plants, immersed in liquid nitrogen and stored at -70"C. The 
leaf material was macerated in a Waring blender with liquid 
nitrogen and transferred to a beaker with DNA extraction 
buffer assembled in an ice bath in the following proportions. 
Leaf Dieca 
material buffer Sarkosyl (37%) S-Mercaptoethanol Dieca 
10 y 30 lui 0.855 ml 16.2 yl 0.68 y 
15 g 50 ml 1.43 ml 27 ul 1.13 g 
25 9 75 ml 2.14 ml 40 ul 1.69 g 
50 g 150 ml 4.28 ml 80 ul 3.38 g 
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Dieca buffer 
composition (pH 7,6) amount per liter stock solution 
0.1 M NaCl 25 ml 4M 
50 mM EDTA 100 ml 0.5 M 
50 mM Tris-HCl (pH 7.6) 50 ml 1 M 
The mixture, stirred every 15 minutes, was stored at 4*0 
for 1 hour, and then centrifuged at 10,000 r.p.m. for 15 
minutes at 4*C. The supernatant was passed through 
cheesecloth into a cold measuring cylinder, transferred into 
an Erlenmeyer flask with an equal volume of phenol:chloroform 
and shaken on ice for 5 minutes. The mixture was centrifuged 
at 10,000 r.p.m. for 10 min at 4*C, the supernatant removed 
with the broad end of a pipette, 1/10 volume of 3 M sodium 
acetate and two volumes of absolute ethanol added and stored 
for 30 min at -70*C. The crude DNA precipitate was rolled 
into a ball, transferred into a 30 ml corex tube, washed with 
70% ethanol, the pellet dried briefly and dissolved in 16 ml 
of RB buffer (10 mM Tris pH 7.5, 0.1 mM EDTA) for an initial 
quantity of 25 g leaf tissue. 
To the crude DNA solution 0.2 ml of RNAse solution (at 2 
mg/ml, made DNAse free by heating at 80®C for 10 rain) was 
added and incubated at 37®C for 30 min. Next, the following 
reagents were added: 
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Final concentration 
0.32 ml of 0.5 M EDTA (pH 7.8) 10 mM 
2.4 ml of 10 mM Tris/10 mM EDTA pH 7.6 1 mM 
2.72 ml of 4 M NaCl 0.5 M 
2.4 ml of 2% CTAB (Merck) solution .2% 
The solution was mixed and the precipitated DNA formed 
into a clot, washed in 70% ethanol + 0.2 M Na-acetate and 
dried briefly. The DNA was dissolved in 5 ml RB-buffer for a 
few hours. The solution was next heated for 5 min at 60*C, 
cooled to room temperature and the following reagents added. 
Final Concentration Dilution 
50 mM Tris-HCl pH8 250 yl of 1 M stock 
5 mM NaCl 25 wl of 1 M stock 
2 mM CaClg 100 ul of 0.1 M stock 
100 yg/ml Proteinase K 
The mixture was incubated for 1 hour at 37®C and made up 
to 10 ml with RB buffer. Ten g of CsCl and 0.5 ml Ethidium 
bromide solution (10 mg/ml) were added and the refractive 
index checked by a refractometer, brought up to 1.3840. Ultra 
centrifugation was carried out in a TV 865 fixed angle rotor 
for 20 hours at 45,000 r.p.m. at 15®C. The orange fluorescent 
DNA band was removed with a Pasteur pipette and centrifugation 
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repeated in a solution of CsCl/Et.Br prepared as follows: 
150 g CsCl 
150 ml RB buffer 
7.5 ml Bthidlum bromide (10 mg/ml) 
with refractive index brought up to 1.3850. 
The DNA band, after the second centrifugation, was diluted 
with an equal volume of RB buffer and one volume isoamyl 
alcohol, mixed and the layers separated by standing. The 
bottom aqueous layer was next mixed with an equal volume of 
isoamyl alcohol to remove the Ethidium bromide. The separated 
aqueous layer was next diluted with two volumes of RB buffer, 
1/10 volume of 3 M sodium acetate and two volumes ice cold 
absolute ethanol were added. The DNA was formed into a clot, 
washed in 70% ethanol, dried briefly and dissolved in 1-2 ml 
of TE buffer pH 8. 
3.4.2 m-RNA preparation 
Poly (A)"*" m-RNA was prepared essentially as reported by 
Schwarz-Sommer et al. (1984). Material used was either from 
leaf of 4 week old maize plants or maize kernels harvested at 
18-20 days after pollination. The material was harvested, 
quickly immersed in liquid nitrogen and stored at -70*C until 
use. 
Kernels were excised from the ear, weighed and frozen in 
liquid nitrogen. Ten g kernels were homogenized in a Waring 
blender, added to 50 ml extraction buffer and 10 mg of 
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Proteinase K, prewarmed to 45"C. The mixture was shaken at 
55®C for 10 minutes and centrifuged at 10,000 r.p.m. for 10 
minutes. To the supernatant an equal volume of phenol: 
chloroform was added and shaken for 10 min. Centrifugation 
was carried out at 10,000 r.p.m. for 10 min and the aqueous 
phase was treated with phenol:chloroform two more times 
followed by centrifugation. The aqueous phase finally was 
shaken with an equal volume of chloroform, centrifuged and to 
the aqueous phase 1/10 volume of 4 M NaCl added. 
To this solution a 5 ml volume of oligo dT cellulose, 
equilibrated in buffer A, was incubated for 10 minutes at 25*C 
with shaking. The mixture was allowed to stand and the super­
natant decanted. The sediment along with 5 ml buffer A was 
loaded onto a column and washed with 100 ml buffer A. The 
O.D. of the last few drops were checked to be between 
0.047-0.06. Next, the column was washed with 40 ml buffer B 
and then the RNA eluted with 10 ml buffer C. The O.D. of each 
ml of buffer C eluant was checked and fractions with the 
highest O.D.2ggf normally above .05 0.0.250 pooled, 1/10 
volume 3M sodium acetate and 2 1/2 volumes absolute ethanol 
added to precipitate the RNA. The RNA solution was kept at 
-70®C for 30 minutes of -20*C overnight, centrifuged at 10,000 
r,p.m, for 30 minutes, washed with 70% ethanol, air-dried 
briefly and dissolved in TE buffer to a final concentration of 
2 vg/vl. The RNA samples were stored at -20®C, 
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RNA Extraction Buffer 
Concentration Dilution Stock 
50 mM Tris-HCl (pH 9) 50 ml from 1 M 
.01 M EDTA (pH 7.8) 20 ml from 0.5 M 
2% SDS 200 ml from 10% 
in 1 L water 
Buffer (500 ml) Stock dilution Final concentration 
A 5 ml of 1 M Tris-HCl (pH 7.4) 10 mM 
50 ml of 4 M NaCl 0.4 M 
10 ml of 10% SDS 0.2% 
B 5 ml of 1 M Tris-HCl (pH 7.4) 10 mM 
12.5 ml of 4M NaCl 0.1 M 
10 ml of 10% SDS 0.2% 
Tjris=îîCl (pH 7.4) 
3.5 Handling of X 
3.5.1 Preparation of ^ packaging extracts 
A modification of the procedure described by Maniatis et 
al. (1982) was followed. The packaging extracts are composed 
of two components, (a) sonicated extracts (SB) using the E. 
coli strain BHB 2690 (prehead donor), (b) freeze/thaw lysate 
64 
(FTL) using the coli strain BHB 2688 (packaging head 
donor). 
The two X lysogens, BHB 2688 and BHB 2690 were streak 
plated from a single colony to replicate plates which were 
incubated at 32®C and 42*C. Streaks showing the lytic 
response (no visible growth of bacteria) at 42*C were selected 
for extract preparation. Six ml of L-medium were used for 
each plate to extract a bacterial suspension from selected 
streaks of the two lysogens. The protocol for preparation of 
the SE and FTL is as follows. 
Sonicated extract (SE); Five ml of the bacterial 
suspension of BHB 2690 were used to inoculate 500 ml NZ 
medium, and incubated at 32*C for about 3 hours till the 
OD(6oo) 0,4. A heat shock was then given by swirling 
continuously at 45°C for 15 min. The culture was then 
incubated at 39®C for 3 hours, centrifuged for 30 min at 4,000 
r.p.m. and the pellet resuspended in 10 ml cold L-medium. The 
suspension was then centrifuged in a corex tube for 5 min at 
3,000 r.p.m. and to the pellet 3.5 ml of buffer A was added 
and kept on ice to resuspend. Sonication was carried out with 
1 cm of the sonicator tip immersed in the suspension at 3 
second bursts repeated 15 times at full power. The suspension 
was then centrifuged at 10,000 r,p,m, at 4®C for 10 min, the 
supernatant divided into aliquots of 50 yl frozen in liquid 
nitrogen and stored at -70°C till us®. 
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Freeze/thaw lysate (FTL); Two flasks of 500 ml NZ 
medium were each inoculated with a 5 ml bacterial suspension 
extract of BHB 2688 obtained from a streak plate. The 
cultures were incubated at 32®C approximately 1.3 hours till 
an OD(gQQ) of 0.4 was reached. The cultures were shaken at 
45*C for 15 min, reincubated at 39"C for 3 hours and 
centrifuged for 30 min at 4,000 r.p.m. The pellet was 
resuspended in 10 ml cold L-medium, recentrifuged for 5 min at 
8,000 r.p.m. and the pellet dissolved in 4 ml of 10% sucrose 
in 50 mM Tris pH 8.0. Next, 50 wl of freshly prepared 
lysozyme (2 mg/ml in 0.25 M Tris pH 8.0) were mixed in, and 
immersed in liquid nitrogen. The tube was then placed on ice 
to thaw for about 2 hours. On thawing, 50 ^1 of buffer was 
added and centrifuged for 60 min at 20,000 r.p.m. at 4*C. The 
supernatant was dispensed into aliguots of 50 ml, immersed in 
liquid nitrogen and stored at -70°C till use. 
buffer A 
Stock Dilution Final Concentration 
1 M Tris pH 8 500 wl 20 mM 
1 M MgClg 60 Ml 3 mM 
0-ME 10 Hi 0.05% 
0.5 M EDTA pH 8 40 Wl 1 mM 
HgO to 20 ml 
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buffer Final concentrât ion 
HgO 110 m 
0,5 M Tris pH 7,5 6 Ml 6 mM 
50 mM Spermidine 30 mM 
100 mM Putrescine 300 Ul 60 mM 
1 M MgClg 9 W1 18 mM 
0,1 M ATP 75 Ml 15 mM 
g-ME (1:10) 10 Ml 0, 2% 
Spermidine/Putrescine: 
Spermidine (Serva) 12,7 mg 
Putrescine (Sigma) 16,1 mg 
add 500 ul 10 mM Tris pH 7,5 and 5 ul Tris pH 8 to get pH 7,8, 
then make up to 1 ml, 
3,5,2 Large scale preparation of bacteriophage X PNA 
The method described by Maniatis et al, (1982) was 
followed. Single plague selections were used to prepare 
minilysates which were used to inoculate 500 ml of NZ/BBL 
medium. The bacteriophage precipitated by PEG were dissolved 
in SM and equilibrium centrifugation in CsCl carried out in a 
SW60 (swing out) rotor. The phage band was removed with a 
needle and used for X DNA extraction. 
To 500 ul of the phage band from the CsCl gradient, 50 ul 
of 0,5M EDTA were added + 4 ml TE and incubated for 10 min at 
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50®C. Next, 5 ml phenol added, the tube gently rocked back 
and forth 10-20 times, 5 ml chloroform added, mixed gently and 
centrifuged 5 min at 5,000 r.p.m. Five ml of phenol 
chloroform added, mixed, centrifuged and the supernatant 
extracted once more with phenol. Chloroform extraction was 
next done twice, after which to the supernatant, 2 volumes of 
ice cold ethanol added and the X DNA clump precipitated, 
washed, dried and dissolved in TE. 
3.5.3 Rapid X DNA isolation; for selection of recombinant X 
clones 
The recombinant X clones were grown as a minilysate in 
tubes. To 0.4 ml of clear lysate in an Eppendorf tube, 1 ul 
of DNase 1 (2 mg/ml) was added and incubated at 37"C for 30 
min. Next, 1 ul of DEP was added followed by 100 ul of 1 M 
Tris (pH 8.5), 1% SDS and 0.5 M EDTA the contents mixed and 
incubated at 70*C for 5 min. Fifty ul of 5 M KAcetate were 
added, the tubes cooled on ice for 30 min and centrifuged for 
15 min. The supernatants were decanted to new tubes with 250 
ul isopropanol (0.45 vol) and let stand for 2 rain at room 
temperature. The tubes were microfuged for 5 min, the pellet 
washed with 70% ethanol and resuspended in 50 ul TE. Ten ul 
were used for a restriction digest for 1/2 hour followed by 
loading on an agarose gel to visualize the insert. 
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3.5.4 Preparation of X EMBL4 arms ; Bam Hi Sal ^  digestion 
BamHl restriction reaction; 
X EMBL4 DNA 190 yl (200 ug) 
10 X Bam buffer 200 vl 
BSA 40 ul 
DTT (0.1 M) 20 ul 
Bam HI (922 y/ml) 40 ul 
HgO 1510 ul 
2 ml reaction for 1 hour at 37®C, checked on 
minigel. 
To the reaction mixture 1 ml chloroform:isoamyl alcohol + 
200 Ml of 4 M NaCl were added and mixed. The tube was briefly 
centrifuged, the aqueous phase collected and clump 
precipitated with two volumes ice cold ethanol. The DNA 
pellet was washed with cold 70% ethanol, briefly air-dried and 
dissolved in 200 Wl TE + 1.5 ml HgO. 
Sal 1 restriction reaction: 
DNA 1700 ul 
10 X Sal buffer 200 ul 
BSA 40 ul 
DTT 20 ul 
Sal 1 (9 u/ul) 40 ul 
The reaction was incubated at 37®C for 1 hour, a two ul 
aliquot checked on a minigel. One ml of chloroform:isoamyl 
alcohol was added to the reaction mix, centrifuged, and to the 
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aqueous extract 1/10 volume 4 M NaCl + 2 volumes cold ethanol 
added to clump precipitate the DNA which was washed with 70% 
ethanol and air dried. The DNA was dissolved in 618 ul RB 
buffer + 2.9 ul 0.5 M BDTA + 99 wl 4 M NaCl and 36 mg PEG 6000 
in an Eppendorf tube. The mixture was left overnight at 4®C 
and centrifuged 10 min. The pellet was dissolved in 500 wl TE 
and applied to a 250 iil DEAB column. The pellet/clump 
precipitate was dissolved in 80 wl TE. 
3.6 Construction of a Genomic Library 
3.6.1 Mbo 2^ partial digest of maize DNA for cloning in \ 
Mbo 1 partial digested DNA will ligate into the BamHl site 
of X EMBL4. The reaction conditions for preparation of three 
reaction mixtures of Mbo 1 partial digests were as follows: 
Reaction #1 #2 #3 
DNA 50 wg 50 wg 50 wg 
10 X Alu buffer 75 wl 75 wl 75 wl 
DTT (0.1 M) 7.5 Wl 7.5 wl 7.5 wl 
HgO 583 Wl 582 Wl 580 Wl 
Mbo 1 1.1 Wl 2.2 Wl 4.4 wl 
BSA 15 Wl 15 Wl 15 Wl 
The reactions were carried out for 1 hour at 37®C and 
stopped on ice, 75 wl of 0.5 M EDTA added to each tube with 
275 wl 4 M NaCl and 1 ml phenol: chloroform to the pooled 
volume of three tubes. The supernatant was clump precipitated 
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with two volumes of ice cold ethanol, washed and dissolved in 
900 yl TE for 4-6 hours. One hundred fifty wl gel loading dye 
were added, the mixture loaded on a 0.6% agarose gel with DNA 
markers and run, overnight at 40V. After run the gel was 
stained with ethidium bromide, visualized under 300 nm UV 
light and the band between 15-25 kb cut out for 
electroelution. 
3.6.2 Electroelution of DNA from agarose gels 
This procedure is used for preparation of inserts from a 
plasmid or extraction of DNA of a particular size class (15-25 
kb) after Mbo 1 partial digestion of maize DNA for cloning 
into the X EMBL4 vector. 
An agarose block of 1% was prepared, a slot cut out the 
size of the gel slice to be used for elution, and a dialysis 
membrane after washing in water, placed in the slot. The gel 
slice was placed in the dialysis membrane in the slot and 
electrophoresis buffer added to the top of the gel slice. 
Whatman 3 mm paper was used as a wick on both sides of the gel 
and an electric field of 125 V applied for 1-3 hours. Every 
20 min, buffer was added to the slot to compensate for 
diffusion out. The elution of DNA was checked by visualiza­
tion with a 300 nm UV light source. 
The eluant buffer from the dialysis membrane was loaded 
onto a 250 ul DEAE cellulose column in a 1 ml pipette tip. 
The column was washed with 500 pi of 0.25 M NaCl in TE, and 
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the DNA eluted with 500 ul 1 H NaCl in TE, the DMA 
precipitated by two volumes of ethanol after centrifugation. 
The DNA was dissolved in TE and stored at 4*C. 
3.6.3 Ligation of Mbo ^ partial DNA to X EMBL4 (Bam + Sal) 
Test ligation 1 Test ligation 2 
Mbo 1 partial DNA 1 ul 2 ul 
XEMBL 4 (Bam + Sal) 1.35 wg 3 wl 3 ul 
10 X ligase 1 ul 1 ul 
DNA ligase 0.5 ul 0.5 ul 
HgO 4.5 Wl 3.5 Ul 
ligated overnight at 16®C. 
Ligation was stopped with 1 wl 0.5 M EDTA + 30 ul TE + 2 ul 
10% SDS (Sigma). 
The mixture was incubated for 10 min at 55*C. 45 ul 4M 
NH^Ac and 180 ul ethanol were added, stored at -20*C for 1 
hour and spun for 15 min at 4*C. The pellet was washed with 
70% ethanol, air-dried and dissolved in 20 ul TE, for about 4 
hours and packaged. 
3.6.4 Construction of a genomic library from the wx-844 
mutant plant 
Leaf material (25 g) of the five week old wx-844 mutant 
isolate, designated the Cologne greenhouse number 517, was 
used to prepare plant DNA as described (see 3.4.1 Material 
and Methods). A Mbo 1 restriction enzyme partial digest, 
using 150 ug of 517 plant DNA, was size fractionated on an 
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agarose gel and 15-25 kb size fragments electroeluted for 
cloning. The X EMBL4 vector with BamHl cloning sites was used 
with Mbo 1 partial 517 DNA in a series of test ligations. The 
best ratio of plant DNA: X BNBL4 arms is represented by the 
large scale ligation in the proportion shown. 
Test ligation Large scale ligation 
517 plant DNA 1 yl (.45 ug) 517 plant DNA 2 Ml 
X BMBL4 3 yl (1.35 vg) X EMBL4 6 vl 
(Bam H 1 + Sal 1) (Bam HI + Sal I) 
10 X ligase 1 yl 10 x ligase 2 yl 
T^ DNA ligase 0.5 yl T^ DNA ligase 1 yl 
HgO 4.5 yi HgO 9 yi 
Total 10 yl 20 yl 
In a plating out of a packaging reaction, when 1/500 of 
the test ligate was used, 650 p.f.u.s on strain K803 and 280 
p.f.u.s on strain 0364 were obtained. The X BMBL4 arms gave a 
background of 5% when no plant DNA was used for ligation. The 
test and large scale ligates were used for packaging followed 
by plating on strain K803, on 200 BBL plates at an estimated 
density of 4800 p.f.u.s/plate and a total of 900,000 
recombinant phages. This large library was necessary as the 
plant used was heterozygous for the wx-844 allele. 
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3.7 Handling Plasmlds 
3.7.1 Plasmid preparation 
The method described by Maniatis et al. (1982) using 
"lysis by boiling" was used. Fifty ml of overnight cultures 
were used to inoculate 500 ml of L-medium flasks with anti­
biotic. After incubation for 3-5 hours at 37200 ug/ml 
chloramphenicol were added and grown overnight. The cells 
were harvested and dissolved in STET, as described by Maniatis 
et al. (1982), and the bacteria lysed by boiling with 
lysozyme. The DNA was precipitated from the supernatant in 
polyethylene glycol, dissolved in TE, and ethidium bromide 
with CsCl to get a refractive index of 1.391 and a gradient 
run on an ultracentrifuge in a Ti 70 rotor (fixed angle) at 
40,000 r.p.m. for 48 hours at 15°C. The plasmid band was 
cleaned of ethidium bromide using isoamyl alcohol, 
precipitated in ethanol and the washed DNA pellet dissolved in 
TE. 
3.7.2 Plasmid cloning and transformation 
The puc9 plasmid vector (Vieira and Messing, 1982) was 
used for subcloning of DNA fragments of interest using the 
BamHI, EcoRI, Sail or PstI restriction sites in the vector. 
Ligation of the DNA fragment and vector with T4 DNA ligase was 
done overnight at 16®C under conditions recommended by the 
supplier. 
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Transformation of the ligated mixture was carried out with 
the E. coli strain MC1022 by the CaCl2 transformation method 
as recommended by Maniatis et al. (1982). The transformed 
bacterial cells were plated on L-plates with Ampicillin and 
X-gal. 
Cloning for sequencing in the M13 vectors (mp8, 11, 18, 
19) was similarly done using the protocol supplied by 
Amersham. The E_j_ coli strain TBI was used for transformation 
and the transformed cells plated on L-plates with Tetracycline 
and X-gal. The selection of the single stranded M13 
recombinant phages and isolation of DNA was done as described 
by Messing (1983). 
3.7.3 Plasmid miniprep method 
The recombinant bacterial colony was used to inoculate 2 
ml of L-medium with antibiotic. One ml culture was 
centrifuged in an Eppendorf tube for 2 min at 1500 r.p.m., the 
pellet dissolved in 200 ul STET buffer, 16 yl lysozyme 
solution (10 mg/ml in TE) added and the tubes immersed 40 
seconds in a boiling water bath. The tubes were centrifuged 
at 15,000 r.p.ra. for 10 min, the pellet fished out with a 
sterile toothpick and to the supernatant 1/10 volume of 3 M 
Na-acetate + 150 yl isopropanol added. The tubes were cooled 
15 min at -70*C, centrifuged at 15,000 r.p.ra. for 10 min., the 
supernatant removed with a drawn out Pasteur pipette, the 
pellet dried briefly, 50 yl of TE + RNase (50 yg/ml) added and 
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incubated at 37*C £or 10 min. Next, 50 yl of 0.4 M NaCl + 
50 ul phenol:chloroform were added the tubes vortexed for a 
minute and centrifuged. The supernatant was transferred to 
new tubes, 200 wl of ethanol added and stored at -20®C for 1/2 
hour. The DNA was pelleted by centrifugation at 15,000 r.p.m. 
and the pellet taken up in the appropriate restriction buffer 
and restricted for an hour followed by loading on an agarose 
gel for visualization of cloned insert size. 
3.7.4 Subcloninq of En-1 restriction fragments in plasmid 
vectors 
The recombinant X 517-148 clone was used in restriction 
enzyme digests with the enzymes EcoRI and BamHI followed by 
separation of the EcoRI fragments (5.5, 4.5, 3 and 1.4 kb) and 
the BamHI fragments (6 and 3 kb) by agarose gel electro­
phoresis. These isolated fragments purified over a OEAE-
cellulose column were used for ligation into the 
dephosphorylated EcoRI and BamHI cloning sites of the puc9 
vector (Vieira and Messing, 1982). Recombinants were selected 
as white colonies and the insert size was confirmed by running 
a plasmid minipreparation on a 1% agarose gel. Large scale 
plasmid preparations were made of the selected recombinant 
plasmids containing fragments of En-1. 
To subclone the smaller BamHI-EcoRI subfragments, the 
recombinant plasmids with the 6 kb and 3 kb BamHI inserts were 
each restricted in BamHI and EcoRI double digests so as to 
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release the BamHI/BcoRI inserts and render the puc9 vector 
with BamHI/EcoRI cohesive ends. The mixtures obtained by 
enzyme digests of the two plasmids (6 and 3 kb BamHI inserts) 
were used in ligation reactions and recombinant plasmids 
selected by miniprep plasmid preparation. The size and names 
of recombinant plasmids is summarized in Table 3.1 and a 
schematic representation in Figure 3,1 showing the order of 
plasmid inserts on the X 517-148 restriction map. 
3.8 Identification of Nucleic Acid Sequences 
3.8.1 Southern transfer and hybridization 
DNA fragments separated on agarose gels were transferred 
to nitrocellulose filters using the protocol described by 
Maniatis et al. (1982). DNA used was either maize genomic, or 
from recombinant plasmids or phages. About 5-7 ug of 
restricted genomic DNA or 0.5-lpg of recombinant DNA were used 
to load a gel slot. Southern transfer was done overnight in 
20 X SSPE (Maniatis et al., 1982). 
For hybridizations, DNA fragment inserts were separated by 
electroelution and labelled by nick translation using the 
protocol described by Maniatis et al. (1982). The prehybridi-
zation and hybridization of filters was done following the 
protocol of Maniatis et al. (1982), at a temperature of 68®C 
followed by a wash in 2 x SSPE at 70®C for one hour. The 
77 
Table 3.1. Recombinant plasraids of En-1 in the wx-844 allele 
subclones from X 517-148 inthe puc9 vector 
Plasraid name insert size cloning site 
pE148-9 1.4 kb EcoRI 
pEl48-7 3 kb EcoRI 
PB148-17 3 kb BamHI 
pBl48-24 6 kb BamHI 
PBE24-4 2.7 kb BamHI/EcoRI 
pBE24-3 2 kb BamHI/EcoRI 
PBE17-1 1 kb BamHl/EcoRI 
pBE17-6 1.9 kb BamHI/EcoRI 
Figure 3.1. Diagram showing the plasmid clones of En-1 from the recombinant x 
517-148 phage. The thick line at the extremities indicate parts of the 
Wx gene (including the BamHI site). The map shows B = BamHI and E = 
BcoRI restriction sites with sizes of fragments. Below the map are the 
plasmids as tabulated in Table 3.1 
wx E n - 1  ,wx 
«*-
B 
1-9kb 
E 13 
Ikb I 2kb 
E E 
1-4 kb 2-7 kb 
B 
pBEI7-6 
pBEI7-l 
pBE24-3 
pEI48-9 
pBE24-4 
pE 148-7 -J vo 
pBI48-17 
pB148-24 
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filters were exposed to x-ray film with an intensifying screen 
for 2-5 days at -70®C. 
3.8.2 Northern transfer and hybridization 
Poly (A)+ RNA from pertinent genotypes were fractionated 
with r-RNA markers on 1% agarose gels containing formaldehyde 
using the protocol described by Maniatis et al. (1982). The 
RNA was transferred directly to nitrocellulose, overnight, 
using 10 x SSC as transfer medium. 
Probes used for hybridization were single strand labelled 
from M13 clones. The required M13 clone was hybridized to the 
primer (1 hr. at 60®C) and the primer extended with DNA 
polymerase Klenow fragment in the presence of [o-^^pjdCTP in 
limiting concentration with other unlabelled dNTPs. The newly 
synthesized strand was primarily labelled at the insert (1-3 
kb) and was essentially specific in giving hybridization 
signals with the opposite strand of mRNA. In test cases, this 
method was checked by comparison to the isolated labelled 
single strand (on denaturing alkaline agarose gels) and found 
to hybridize specifically to the mRNA strand of the opposite 
polarity. This method of single strand labelled probe was 
quick, convenient and allowed for a synthesis of a large 
number of probes of high specific activity which gave quick 
intense hybridization signals. These probes were used to 
determine the direction of transcription and coordinates of 
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the transcription units. Hybridizations and washing were as 
in the case of Southern hybridizations. 
3.9 DNA Sequencing 
3.9.1 Chemical degradation method 
The method followed is a modification of the Maxam and 
Gilbert (1980) protocol. The fragments to be sequenced were 
cloned in the puc9 vector. In a typical reaction, 25 ug 
plasmid was linearized with EcoR I, purified over a DEAE 
column, ethanol precipitated and dissolved in 20 ul TE buffer 
for 3' end labeling. 
3 * end labeling reaction (EcoR ^  cut): 
20 ul DNA (linearized plasmid) 
5 ul 10 X end label buffer 
5 Ml 32p-ATP 
2 ul Klenow polymerase (5 u/ul) 
18 H2*^ 
50 Ul TOTAL 
The reaction was carried out for 5 rain, at 16'C, 2 ul of 
.1 mM dATP + dTTP were added and the reaction continued for 15 
min at 16*C, The reaction was stopped with 2 ul 0.5 M EDTA + 
50 wi 5 M NH^Acetate + 200 ul ethanol stored at -70*C for 30 
rain, microfuged 15 min, the pellet washed and dissolved in 30 
Ul H2^ for cutting the insert to be sequenced from the plasmid 
with a restriction enzyme such as BamHI. After restriction 
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digestion for 1 hour at 37*C, the reaction with loading buffer 
was loaded on a vertical 0.5 cm 1% agarose gel and run for 3 
hours at 70V, The insert, visualized by UV after staining in 
ethidium bromide solution, was cut out and the DNA electro-
eluted, purified over a DBAE column, ethanol precipitated and 
dissolved in 25 yl H^o for the sequencing reactions along with 
4 ul of 0,1 lig/iil sonicated calf thymus DNA as carrier. 
Base specif ic reactions ; The 3' end labeled DNA 
dissolved in HjO was distributed into four portions for the 
following reactions. 
Reaction 
G = 5 yl 
A = 6 yl 
C = 5 yl 
C+T = 9 yl 
G reaction; 5 yl DNA + 200 yl Cacodylate buffer + 
1 yl DMS; reaction carried out for 40 seconds at 37®C. 
Stopped with 50 yl DMS-stop + 750 yl ethanol. 
A reaction: 6 yl DNA + 100 yl 1.2 N NaOH (in 1 mM 
EDTA), incubated for 5 min at 90°C, stopped with 150 yl IN 
acetic acid + 750 yl ethanol. 
C.reaction: 5 yl DNA + 20 yl 5 M NaCl + 29 yl 
Hydrazine, incubated for 10 min at 37°C, stopped with 200 yl 
0.3 M Na-acetate (pH 6-6,5) + 750 yl ethanol. 
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C+T reaction; 9 pi DNA + 20 ul H^o + 20 U1 
hydrazine, incubated 9 min at 37*C, stopped with 200 Ml 0.3 M 
Na-acetate + 750 Ml ethanol. 
Reaction mixtures were kept for 30 min at -70*C, 
microfuged at 15,000 r.p.m. for 30 min, DNA pellet washed and 
80 Ml Piperidine (1 Piperdine:9 HgO) added. Tubes were kept 
in 90®C HgO bath for 30 min, cooled on ice, immersed in liquid 
nitrogen and lyophilized overnight. Next morning 50 M1 H^o 
was added per tube, immersed in liquid nitrogen, and 
lyophilized for 2 hours. This was repeated with 50 Ml H^o and 
lyophilized for a further 2 hours. The DNA was dissolved in 
loading buffer (7 M Urea) so that 1 Ml was about 15,000 c.p.m. 
The samples were loaded on the sequencing gels after heating 
for 1 1/2 min at 90*C. 
3.9.2 Dideoxy chain termination method 
Ml3 subclones of the DNA fragment to be sequenced were 
hybridized with the sequencing primer supplied by Amersham. 
The sequencing reaction for the dideoxy nucleotide reaction 
mixtures were essentially as recommended by Messing (1983) and 
the Amersham protocol. The labelled nucleotide used for the 
reactions was [a-^^S]dATPaS which gave higher resolution of 
bands on gels and had a longer half life. Sequences up to 
about 250-300 bp from the primer could be read using 9% and 6% 
Urea-polyacrylamide sequencing gels (0.35 mm) as described by 
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Messing (1983). The gels were dried and exposed to x-ray film 
overnight at room temperature. 
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4. RESULTS 
4.1 Isolation of the En-induced Unstable wx-844 Mutation 
From the isolation plot set up in the summer of 1983 at 
Ames, several wx mutants were selected using the crossing 
scheme (Peterson, 1985a) designated as cross A. 
C-I Sh Bz Wx; a-m(r); C sh bz wx; A 
C-I Sh Bz Wx A SiL.ÈS. 2£i. h. 
Thirteen individually isolated mutant wx kernels were 
selected visually and planted in the greenhouse at Cologne, 
FRG. Instability of the mutant designated as wx-844 was 
observed in the initially isolated kernel as variegated 
sectors of Wx over wx background. The mutability of the 
wx-844 allele was confirmed by staining the pollen (Figure 
4olA) from the growing plant (designated G.H.K.517) with a 
standard iodine reagent (KI/I2» Nelson, 1968). The 
heritability of the variegated phenotype (wx + Wx) indicating 
the presence of a transposable element at the waxy gene, was 
confirmed by selfing the plant and recovering kernels which 
displayed the mutable wjc + phenotype (Figure 4.IB). This 
mutant was characterized further and subsequently gave rise to 
the molecular understanding of the En-1 element. 
Among the other 12 wx mutants, none showed variegation on 
checking the pollen for wx + Wx instability by staining with 
the iodine reagent. Only one other mutant designated wx-8411 
showed variegation of wx + Wx on the selected kernel but this 
Figure 4,1, Mutability at the wx-844 allele as revealed by 
iodine staining of the pollen (A) of the 
heterozygous F, plant (see genotype of plant 
517 in section 4.2) and of the endosperm (B) 
of one kernel taken from the Fg progeny ear of 
the selfed F, plant. Dark staining pollen (A) 
or endosperm sectors (B) indicate reversion 
events of wx ->• Wx 
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variegation was not observed in the pollen nor was it 
heritable on selfing the plant. This mutant was analyzed 
further in experiments by Southern blotting and cloning but 
did not have an En homologous insert. 
4.2 Linkage Analysis From an Outcross 
The heterozygous wx-844/wx plant (designated 517) was used 
as a male parent on an En tester line (a-m(r)/a-ml) which 
tests for the presence of En (see Cross B in Table 4.1.) This 
plant (517) had the genotype 
C-I Sh Bz wx-844 a-m(r) 
C sh ^  wx A 
In this outcross, the mutability of wx-844 cannot be 
observed due to the presence of the wild type Wx allele in the 
female tester. Also, mutability caused by En in the wx-844 
allele on receptor alleles at the A locus (a-m(r)/a-ml), 
cannot be observed because of the linkage of the dominant 
color inhibitor allele C-I to wx-844 in the parental type 
gamete (see genotype of 517 above). However, a cross over 
between the C_ allele and the wx-844 allele (Cross B in Table 
4.1.) will result in a C-wx-844 linkage and the spotted 
phenotypes, due to transactivation of Eri on the receptor 
a-m(r)/a-ml alleles can be detected. 
The assumption that there is only one functional En in the 
genome and that this Eri is located at the Wx locus in the 
wx-844 allele can be verified as follows. 
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The cross over distance between the C and the Wx locus on 
chromosome 9 is known to be 30 map units (Coe et al., 1984). 
Tf the single En is present in the wx-844 allele the frequency 
of spotted phenotypes will correspond to the expected 
frequency of crossing over between C and Wx. As shown in 
Table 4.1, in Cross B the expected frequency of spotted 
phenotypes is 7,5% (probability of recombinant gamete C-wx-844 
is 0,15 and half of them segregate with the a-m(r) allele), 
which is in agreement with the observed frequencies of 7.2 and 
7,7% in the two ears obtained. The alternative hypothesis, of 
En segregating independently of wx has an expectation of 12.5% 
spotted kernel phenotype, is not acceptable due to the highly 
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significant % value (Table 4.1). From these results it is 
evident that there is one EIÎ segregating with the waxy locus 
in plant 517. 
On using the spotted kernel number for estimation of 
linkage to C-I, the observed 7,2% spotted on the first ear 
gives an estimate of 28,8 map units and in the second ear with 
7,7% spotted kernels the linkage estimate is 30,8 map units. 
This estimate of C-I-En linkage of 28,8 and 30,8 map units 
(average 29.8) is in very close agreement with the recent 
estimate of C-Wx distance of 30 cM (Coe et al,, 1984), 
The estimated map distance of 29,8 cM between En^ and C-I 
indicates that ^  is located proximal to C-I, which is at 26 
cM from the end of the short arm of chromosome 9 (Coe st al,. 
Table 4.1. Results of the outcross {cross B) 
527* 517* 
£ ^  1Î2. a-m(r) C-I Sh Eiz^ wx-844 (En) a-m(r) 
———————————J ————— X —————— Cross B 
£ nil Ë5. îiJL a-ml C sji wx A 
Observed frequencies of phenotypes tested against a hypothesis of 
En linked to the Wx locus (Wxx :^) and the alterative hypothesis of ^  not linked to 
Wx (wx;En) 
Phenotype 
Cross No. Hypothesis Number Colored Colorless Spotted % Spotted Total 
tested 
527-1/517 Observed 131 268 31 1 , 2  430 
Expected 145 253 32 7.5 2.3ns 
Expected 134 242 54 12.5 11.8** 
527-2/517 Observed 119 263 32 7.7 414 
wx: Expected 140 243 31 7.5 4.7ns 
wx;En Expected 129 233 52 12.5 12.3** 
*527 and 517 are Cologne greenhouse numbers. 
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1984). The position of the genes on the short arm of 
chromosome 9, adapted from the recent genetic maps compiled by 
Coe et al. (1984), is represented here to show the position of 
En on the chromosome. 
map position 0 26 29 31 56 
£ Sii. ÈZ. wx 
. centromere 
map distance 3 2 25 
C-I Sh Bz wx-844 
En position (En) 29.8 29.8 En 
This reasoning locates ^  29.8 cM proximal to C-I, at or 
very closely linked to the wx-844 allele. 
4.3 Linkage Analysis on the F2 Progeny Ear 
Independent evidence of linkage for an autonomous En, at 
the Wx locus in the wx-844 allele can be obtained from the F2 
progeny ears of the selfed original mutant isolate (self of 
plant #517). On the basis of the linkage group on chromosome 
9 and the independently segregating a-m(r) allele on 
chromosome 3, the frequency of individual phenotypes can be 
calculated. 
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Chromosome constitution of the F1 mutant isolate (plant #517). 
chromosome 9 chromosome 3 
C-I Sh Bz wx-844 (En) a-m(r) 
map distance (cM) 3 2 25 
Ç sh wx A 
The hypothesis that ^  is located at wx in the wx-844 
allele, 25 cM from Bz^ and 30 cM from C-I was tested by 
comparing the expected phenotypic frequencies to that observed 
in the two ears, one from a self of the main plant and the 
other by using the pollen from one tiller on the second tiller 
(tl/t2) which is functionally a self. Among the phenotypes 
expected, the colorless class (77.8%) represents those kernels 
possessing a C-I allele (75%) and kernels colorless due to the 
segregating a-m(r) allele present as homozygous recessive 
(2.8%) in the absence of a segregating En. The colored 
phenotype class (18.75% expected) represents the genotype Ç/C 
A/ irrespective whether En is present or not, and the spotted 
phenotype (3.4% expected) represents the genotype £/C 
a-m(r)/a-m(r) En/ with En linked to C^ due to recombination. 
2 Table 4.2 shows a x test of observed vs expected number on 
the hypothesis that ^  is at the wx-844 allele. 
The observed frequency of the three expected phenotypes 
corresponds to the evaluations based on linkage (Table 4.2), 
as the X values observed are non-significant, thus the 
hypothesis that En is located in the wx-844 allele can be 
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Table 4.2. Frequencies of phenotypes observed tested against 
the frequencies expected in the F2 on the 
assumption of En in the wx-844 allele 
Jar # Colored Colorless Spotted Total 
517 a 
Expected 62 
Observed 56 
257 
263 
11 
11 330 .72 n.s I 
Expected 38 
517tl/t2 Observed 35 
156 
158 
7 
8 201 .37 n.s 
Figure 4,2, En-induced instability at the a-m(r) and a-ml 
alleles in the F2 progeny kernels obtained on 
the ear of the selfed plant (517) carrying the 
wx-844 allele. The colored spots arise by 
En-induced somatic reversion events at the 
receptor alleles a-m(r) and a-ml. Dark spots 
are seen if B£, and bronze spots if bz/bz is 
present in the genome of the kernel. The 11 
spotted kernels (Table 4.2.) were cut at the 
top to stain with the iodine reagent. 
Mutability at the Wx locus is seen as dark 
sectors (Wx) over a non-staining background 
(wx) 
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accepted. In addition, if the En causing instability at the 
a-m(r) alleles segregated independently of the wx-844 allele, 
the spotted phenotype class should contain some stable wx 
phenotype kernels (not mutable at the wx locus). By iodine 
staining of the 11 spotted kernels from the self #517 (see 
Figure 4.2) and the eight spotted kernels from the #517 tl/t2 
self shown in Table 4.2, it is observed that each spotted 
kernel shows instability at the wx locus. Hence, this En 
causing variegation at the a-m(r) allele is cosegregating with 
the wx-844 allele. 
4.4 Molecular Structure of the wx-844 Allele by Southern 
Blot Analysis of Genomic DNA 
To identify the molecular structure of the wx-844 allele, 
genomic Southern blots were prepared using plant DNA 
originating from the following genotypes: a) the heterozygous 
wx-844/wx plant (#517); b) the stable recessive (wx/wx) parent 
(Ç sh wx tester line) used as male; c) the heterozygous 
plant carrying both progenitor alleles (Wx/wx), obtained from 
growing a kernel from the same ear that the wx-844 mutant was 
selected from. 
The objective was to determine the size of the insert 
present in the wx-844 allele by comparison to the progenitor 
Wx allele. The wx/wx genotype was also included as the mutant 
wx-844 was recovered as a heterozygote (wx-844/wx). The 
restriction map of the Wx locus as present in many lines was 
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known (Pedoroff et al., 1983b, Shure et al., 1983, 
Schwarz-Sommer et al., 1984); thus providing a basis for the 
choice of restriction enzymes to digest the plant genomic DNA 
and the use of suitable probes. 
In the Southern blot hybridization shown in Figure 4.3A, 
BamHl-digested genomic DNAs were hybridized with the wild-type 
(from Line C) 0.6 kb BamHI probe. The progenitor Wx and the 
stable recessive wx allele contain the expected 0.6 kb 
fragment. The wx-844 allele, however, contains two new Bam HI 
fragments of 3 and 6 kb in size indicating an insertion into 
the 0.6 kb (wild-type) fragment that contains at least one Bam 
HI restriction site. The minimum size of the insertion is 3 + 
6 - 0.6 = 8.4 kb. This insertion which was shown genetically 
to be a functional at the Wx locus, was designated En-1. 
Due to the presence of the stable recessive v« allele in this 
heterozygous plant, the 0.6 kb Bam HI fragment also lights up. 
If somatic reversion events take place, induced by the 
functional En present at the locus, the size of the restored 
Bam HI fragment after excision of ^  would also be 0.6 kb in 
size. 
To prove whether Eii induced somatic reversion events can 
in fact restore the wild-type fragment size, the restriction 
enzyme EcoRI was used to digest the genomic DNAs, Since the 
entire Wx gene is contained on one EcoRI fragment (Shure et 
ala; 1983, Schwarz-Sommer et al», 1984), the same band would 
n 
Figure 4.3. Southern blot analysis of the wx-844 allele. 
The genomic DNA used is indicated by the 
genotypes above each lane. The restriction 
enzymes used for digestion are indicated 
above; A (BamHI), B (EcoRI) and C (EcoRI). 
The gene probes used for the experiments 
are indicated below each set and the size of 
the hybridizing DNA fragments is given in kb. 
The origin of the radioactive probes with 
respect to their position within the wild-type 
(Line C) Wx gene is shown in the physical map 
at the bottom of the Figure. The staggered 
line below the physical map indicates the 
transcribed region of the Wx gene (Schwarz-
Sommer et al., 1984). The restriction enzyme 
sites shown on the map are B = BamHI, and S = 
Sail 
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hybridize irrespective of whether the 5' (Bam 4,5 probe, see 
Figure 4.3B) or the 3* region (Sal 0.75, see Figure 4,3C) of 
the Wx gene is used as a hybridization probe. The size of the 
EcoRI generated fragment is 21 kb in the stable recessive wx 
allele (see middle and right lanes in Figures 4.3B and 4.3C) 
which agrees with the reported restriction fragment length 
polymorphisms outside the Wx gene (Shure et al., 198 3, 
Schwarz-Sommer et al., 1984). 
As shown in the left lanes of Figures 4.3B and 4.3C in the 
EcoRI digested DNA of the heterozygous wx-844/wx plant, 
several bands are present when hybridized with the wild-type 
Bam 4.5 or Sal 0.75 probes. The 21 kb band hybridizing to 
both probes clearly comes from the male recessive allele (wx). 
The less intensive 14 kb band, which also hybridized to both 
probes, can be interpreted to result from frequent somatic 
reversion events induced by En-1. Restoration of the wild-
type sized fragment has also been previously shown due to 
En-induced reversion events of the wx-mS allele 
(Schwarz-Sommer et al., 1984). 
In the mutant wx-844 two new bands appear, which are 10 kb 
(Figure 4.3B, left lane) and 7.8 kb (Figure 4.3C, left lane) 
in size and represent the 5' and 3' junction fragments, 
respectively, between En-1 and the Wx gene. Since the size 
estimate of 3.8 kb for En-1 from the EcoRI junction fragments 
(10 + 7=8 - 14) is considerably smaller than the estimate from 
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the BamHI digestion, En-1 seems to have more than one internal 
EcoRI site. 
The results from the genomic Southern indicate that En-1 
is inserted in the 0.6 kb BamHI fragment of the Vhi gene, has 
at least one Bam HI site and two or more EcoRI sites, has a 
minimum size of 8.4 kb and restores the wild-type 14 kb EcoRI 
fragment of the progenitor Wx allele on somatic reversion. 
4.5 Selection of X Recombinants Containing the wx-844; ;En-1 
Allele by Plaque Hybridization 
The Mbol partial genomic library from plant 517 (see 
Material and Methods) was screened in the first round with a 
mixture of nick translated probes from the 5' (Bam HI 4.5 kb 
fragment) and 3' (Sal I 0.75 kb fragment) region of the waxy 
gene (Line C Wx allele, Schwarz-Sommer et al., 1984). 
Positives by plaque hybridization (Benton and Davis, 1977) 
were picked, replated and rescreened with the Wx gene probe 
mixture. These second round positives were replated and 
screened with an SpmI-8 probe from the wx-m8 allele (Schwarz-
Sommer et al., 1984) and a replica filter screened with the 
Wx gene probes. These positives which were mostly plaque pure 
(single recombinant per plaque), were sorted out into those 
that contained I^ related inserts and those that did not. 
Table 4.3 shows the results of the hybridization at the plaque 
level. Out of 20 \ recombinants that hybridized to the Wx 
gene probes, six also hybridized to the _I insert probe. 
cloi 
10 
16 
17 
20 
23 
26 
29 
32 
33 
34 
38 
59-
59-
65 
75 
105 
108 
122 
136 
102 
4.3, Analysis of X recombinant plaques from the wx-844/ 
wx genomic library 
Hybridization 
5' and 3* Vfe gene probe 
number Bam 4.5 Sal 0.7 5 I probe 
+ + — 
+ - -
+ + — 
+ + -
- + -
+ + + 
+ + -
- + + 
+ - -
- + + 
+ — -
weak + -
+ + — 
+ + -
+ - — 
weak + + 
+ + -
+ - + 
+ + — 
+ + + 
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The recombinant clone X 517-148 hybridized to both the 5' 
and 3' region gene probes and the 2 insert probe from the 
wx-m8 allele. This indicated that this recombinant was a 
clone of the wx-844 allele, which should contain the entire En^ 
(!_ homologous) element as well as portions of the Wx gene 
flanking the insertion (probes from 5' and 3' region of Wx 
gene hybridized). 
Other clones hybridized to the three probes used (see 
Table 4,3) to varying extents, out of which the recombinant X 
517-26 showed strong hybridization signals to the 5' and 3' 
Wx gene probes as well as the 1-8 probe. This clone was used 
later to confirm the results obtained from X 517-148 which was 
plague purified and analyzed first. 
4.6 Analysis of the Recombinant X 517-148 by Southern 
Blot Hybridization 
The recombinant X 517-148 was used for miniprep phage DNA 
isolation (see Methods), restricted with the enzymes EcoRI, 
Sail, Pvul and BamHI, electrophoresed on a 1% agarose gel, 
photographed under UV light followed by Southern transfer onto 
nitrocellulose. The baked filters were hybridized to a probe 
from the 5' region (Bam 4,5) of the Wx gene and the 1-8 probe 
from the wx-m8 insert (Schwarz-Sommer et al,, 1984), 
Hybridization to the 1-8 probe revealed two fragments of 
4.5 kb and 5.5 kb when X 517-148 was digested with EcoRI 
(Figure 4.4A, lane E), the 4.5 kb EcoRI band hybridized to the 
Figure 4.4. Southern blot analysis of the recombinant 
phage \ 517-148, Figure 4.4A shows the result 
of hybridization with a !_ probe (insert from 
wx-m8, PstI - Sail internal fragment). Figure 
4.4B shows the result of hybridization with a 
4,5 kb BamHI fragment from the 5' region of 
the ^  gene. The restriction enzymes used for 
digestion are indicated as ; E = EcoRI, S = 
Sail, P = Pvulf B = BamHI, The size of the 
DNA fragment hybridizing is given in kb along 
the side. 
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5* region Bam 4.5 probe as well (Figure 4.4B, lane E). These 
two EcoRI fragments are the Wx gene - En insert junction 
^fragments. Two other EcoRI fragments of 3 kb and 1.4 kb were 
also seen in the UV photograph which do not hybridize to the 
Wx gene or 1-8 probes and should represent internal fragments 
of the insert En-1. This substantiates the results of the 
genomic southern (Figure 4.3) which indicate that there are 
two or more internal EcoRI sites in En-1. 
The Bam HI restriction reveals two fragments of 6 kb and 3 
kb with the 1-8 hybridization probe (Figure 4.4A, 4th lane 
labeled B) which are the same sizes as the fragments seen on 
the genomic Southern (Figure 4.3A, left lane) with the Bam 0.6 
probe. Hybridization to the Wx Bam 4.5 probe (Figure 4.4B, 
4th lane labeled B) reveals a 2 kb fragment which is the 
junction fragment cleared at the Bam HI cloning site of X 
BMBL4 (the Mbol partial site on the genomic fragment) and the 
3' site of the Bam HI 4-5 kb fragment as seen in the wild type 
Line C restriction map (Schwarz-Sommer et al., 1984). 
In the Sal I digestion, the 1-8 homologous fragments are 
7.5 kb and 2.5 kb in size (Figure 4.4A labelled S). The 7.5 
kb fragment hybridizes to the wx Bam 4.5 probe (Figure 4.4B 
lane S), therefore, the 7.5 kb fragment contains the 5' wx-En 
junction. The 2,5 kb band revealed by the 1-8 probe is an 
internal Sail fragment of the insert En-1 homologous to the 
1-8 probe. The 1-8 probe used was a PstI=SalI internal 
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fragment of SpmI-8 which lacks the 300 bp of the region 3* to 
the Sail cut (Schwarz-Sonuaer et al., 1984) and, therefore, 
does not reveal the 3' junction fragment of En-1 to Wx. 
The Pvul restriction fragments revealed by the 1-8 probe 
of 9 kb and 3.5 kb (Figure 4.4A, lane P), specify the two 
junction Pvul fragments in the clone, of which the 9 kb 
fragment which hybridizes to the Bam 4.5 probe is the left 
junction fragment at the 5* end of the waxy gene. 
The Southern blot analysis of X 517-148 indicates that it 
is a full length clone of the insert En-1 in the wx-844 allele 
and contains at least 2 kb of the 5' region and 4 kb of the 3' 
region of the waxy gene. This was the first clone hybridizing 
to all the probes used which was plague purified and analyzed. 
The clone X 517-26 analyzed later showed a similar hybridiza­
tion pattern, indicating that X 517-148 was representative of 
the En-1 insert in the wx-844 allele especially as it 
represented the results obtained from the genomic Southerns 
(Figure 4.3). The clone X 517-148 was taken for detailed 
restriction mapping and heteroduplex analysis. A restriction 
map of the insert of clone 517-148 and the Enl element is 
given in Figure 4.7. 
4.7 Restriction Mapping by Southern Blot Analysis of 
X 517-148 and Subcloned Fragments 
The recombinant X 517-148 clone was digested with EcoRI 
and aliquots were digested with a second enzyme (14 enzymes). 
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These double digested aliquots were run on a 0.8% agarose gel 
and Southern blotted onto nitrocellulose. The filter was 
hybridized with four probes from different regions of the Wx t —>• 
gene and the SpmI-8 probe. The filter was first hybridized 
with the 3* region Wx gene probe (Sal 0.75), washed and a film 
exposed to it. The filter was then washed extensively in 
boiling 0.1% SDS and the filter rehybridized to each of the 
other probes (SpmI-8, Bam 4.5, Bam 0.6) in turn followed by 
washing. The same filter could thus be reused after 
appropriate choice of probe specific activity, washing 
conditions and exposure times. 
Figure 4.5 shows the results of the Southern blot 
hybridization with the four probes on the 15 lanes run. With 
these probes, it was possible to map only the junction 
fragments of En-1 for which probes were available (Wx gene or 
SpmI-8 probe). These results substantiated the results 
presented earlier (Figure 4.4) and served to orient the maps 
of the individual plasmid subclones. 
Detailed restriction mapping of the X 517-148 clone was 
complicated by the fact that the insert containing the 
wx-844;;En-1 allele had internal restriction enzyme sites 
(EcoRI, BamHI) normally used to isolate the insert from X 
EMBL4. Therefore, subclonad fragments in the puc9 vector were 
used in double restriction digests with enzymes which had 
single restriction sites in the puc9 polylinker. Each of the 
Figure 4,5. Restriction mapping by Southern blot analysis 
of the recombinant phage X 517-148, The 
probes used for hybridization are: 
A - Wx gene 5' region BamHI 4.5 kb fragment 
B - Wx gene 3' region Sail 0.7 5 kb fragment 
C - ^  probe (from wx-mS) PstI - Sail 2 kb 
f ragment 
D - Wx gene internal BamHI 0,6 kb fragment 
The restriction enzymes used for digestion of 
the X 517-148 phage are as follows: 
1. EcoRI 9. EcoRI + Clal 
2, EcoRI + BamHI 10. EcoRI + Hindlll 
3, EcoRI + Sail 11, EcoRI + Kpnl 
4. EcoRI + Pvul 12. EcoRI + Pvul I 
5. EcoRI + Acci 13. EcoRI + Xhol 
6. EcoRI + Aval 14. EcoRI + PstI 
7. EcoRI + Bglll 15. EcoRI + Hpall 
8. EcoRI + BstEII 
no 
Figure 4.6. Plasmid subclones of En-1 restriction fragments for restriction mapping 
by double digestion. The plasmid subclones are labeled as follows (see 
Figure 3.1 for orientation of plasmids). 
a) pBE 24-4 b) pE 148-9 c) pBE 24-3 
d) pBE 17-1 e) pBE 17-6 
Bach plasmid was cut first with EcoRI to linearize it and the second 
digestion was with the following restriction enzyme. 
1) Smal 2) Sail 3) Haelll 
4) Hindlll 5) PstI 6) AccI 
7) Aval 
Molecular size markers are indicated as: T = T5 cut with Hindlll, P = 
pBR322 cut with Tag I. The photograph shown was taken with UV-light 
exposure of the ethidium bromide stained agarose gel 
1 2 3 4 5 6 7 1  2 3 4 5 6 7 1 2 3  4  T P 5 6 7  I  2 3 4 5 6 7 1 2 3  4  5  6  7  
to 
KJ UWLV 
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plasmids were first cut with EcoRI followed by a second 
digestion with the enzymes outlined below. 
Plasmid insert 
T 
a) pBE 24-4 2.7 kb BamHI/EcoRI 
b) pE 148-9 1.4 kb EcoRI 
c) pBE 24-3 2 kb BamHI/EcoRI 
d) pBE 17-1 1 kb BamHI/EcoRI 
e) pBE 17-6 1.9 kb BamHI/EcoRI 
Enzymes used for second digestion: 1) Smal, 2) Sail, 3) 
Haelll, 4) Hindlll, 5) PstI, 6) AccI, 7) Aval. Using the T5 
Hindlll and the pBR322 Taq I markers the double digested 
fragments were run on a 1% agarose gel and photographed. The 
UV photograph shown in Figure 4.6 was used to determine the 
presence and position of additional restriction sites within 
En—1 and flanking Wx gene region. 
A restriction map of the wx-844;;En-l allele from the 
recombinant X 517-148 clone is presented in Figure 4.7. The 
restriction map of the wx-m8;:SpmI-8 allele is also presented 
in Figure 4.7. to show the presence, by restriction sites, of 
homologous regions between En-1 and SpmI-8. The site of 
insertion of En-1 and SpmI-8 in the Wx gene is also 
exemplified in the figure to visualize the results obtained by 
the heteroduplex experiments. 
In another experiment designed to test the repetitiveness 
in the maize genome of various subfragments of Bn°l (see next 
Figure 4.7. Physical map of En-1 within the cloned segment of the wx-844 allele as 
compared with the map of Spm-I8 within wx-m8. The bold lines indicate 
Spm-18 sequences present in En-1. The restriction enzymes used are 
abbreviated as Hollows: B, BamHI; E, EcoRI; P, PstI; S, Sail. The 
scheme also gives the insertion site of En-1 and Spm-18 within the 
wild-type Wx regions present in the recombinant phages from both 
mutants. The dilrection of transcription and the size of the ^  
transcription unit is depicted by staggered lines at the bottom 
En-1 
wx-844 
wx-m8 
Spm-I8 
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section)/ additional information about the presence of 
different frequently cutting restriction enzyme sites was 
obtained. Each of the five plasmids mentioned in the last 
experiment were used to isolate the wx-844;;En-l subfragment 
inserts from preparative agarose gels. The isolated inserts 
were then each cut with the following enzymes. 
Plasmid insert isolated by digestion with 
a) pBE 24-4 1.4 kb Pst I + EcoRI 
b) pBE 24-4 1.3 kb Pst I + EcoRI 
c) pE 148-9 1.4 kb EcoRI 
d) pBE 24-3 2 kb BamHI + EcoRI 
e) pBE 17-1 1 kb BamHI + EcoRI 
f) pBE 17-6 1.9 kb BamHI + EcoRI 
Enzymes used to test for presence of restriction sites: 1) 
Sau3A, 2) Ddel, 3) Sau96, 4) Hinfl, 5) Hpall, 6) Haelll. The 
UV photograph with the pBR322 Taq I marker is shown in Figure 
4.8. The results of the presence of these restriction sites 
served as guidelines in the sequencing strategy and subcloning 
into M13 vectors. 
4.8 Characterization of the Repetitiveness of 
Subfragments of En-1 
The isolated fragments of the subclones of wx-844;:En-l 
cleaved by frequently cutting restriction enzymes shown in the 
UV photograph in Figure 4.8 was used to partition En-1 into 
fragments ranging from 1.4 kb to 100 bp and smaller. The gels 
Figure 4.8. Restriction enzyme mapping of fragments of En-1, isolated from plasmid 
subclones. The Figure shown is compiled from agarose gels stained with 
ethidium bromide and photographed under UV-light exposure to reveal the 
DNA bands. The fragments were isolated from the following plasmids 
(see Figure 3.1). 
a) pBE 24-4 b) pBE 24-4 c) pE 148-9 
d) pBE 24-3 e) pBE 17-1 f) pBE 17-6 
The restriction enzymes used were as follows: 
1) Sau3A 2) Ddel 3) Sau96 
4) Hinfl 5) Hpall 6) Haelll 
The molecular size markers used were; M = pBR322 cut with TaqI, P = 1.3 
kb En-1 PstI subfragment 
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shown in Figure 4.8 was used for Southern blotting onto 
nitrocellulose. 
This technique termed as a "reverse Southern" required as If 
a hybridization probe, labeled plant genomic DNA. Line C 
plant DNA was digested for one hour with Mbol enzyme in 
limiting concentration and purified over DEAE-cellulose. The 
partially digested Line C DNA was nick translated to a high 
specific activity and used as a probe on the filters obtained 
by southern blotting of the gels in Figure 4,8, 
Figure 4,9 shows the results of the "reverse Southern," 
after exposure of the film for five days. The larger 
fragments show stronger signals than the smaller fragments 
from the same region of En-1. Comparisons were, therefore, 
made between similar sized fragments on the gel (Figure 4.8), 
The subfragments of 1,4 kb EcoRI insert in pE 148-9 showed 
weaker signals on the "reverse Southern" when compared to 
similar 600 bp subfragments from other parts of En-1. Some of 
the pBE 24-3 subfragments in the 500 bp range show differences 
in the intensity of hybridization. The Sau 96 600 bp 
subfragment of pBE 24-3 shows a lower hybridization signal 
than a similar sized fragment from pBE 17-1. 
The "reverse Southern" indicated that there could be a 
lower copy number of parts of the 1.4 kb EcoRI and the 2 kb 
Bam HI/EcoRI regions of En-1 than the terminal En-1 fragments 
(pBE 24-4 and pBE 17-6) in the maize genome. In such an 
Figure 4,9, 'Reverse Southern' photograph of an 
autoradiogram. Probe used was nick-translated 
Line C genomic DNA, Isolated fragments of 
En-1 were from the following plasmids (see 
Figure 3.1), 
a) pBE 24-4 
b) pBE 24-4 
c) pE 148-9 ^ 
d) pBE 24-3 
e) pBE 17-1 
f) pBE 17-6 
The restriction enzymes used are labelled as 
follows : 
1) Sau3A 4) Hinfl 
2) Ddel 5) Hpall 
3) Sau96 6) Haelll 
Molecular markers shown are: PI = 1, 
fragment from En-1, P2 - 1,3 kb PstI 
from En-1 
4 kb PstI 
fragment 
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experiment the single copy Wx gene subfragments do not light 
up even after a one week exposure. On the scale of 
reiteration frequency as described by Gupta et al. (1984), the 
En-1 fragments can be classified as middle repetitive (weak 
hybridization seen after 24 hours to 6 day exposure) in the 
maize genome. 
4.9 Heteroduplex Analysis of the X 517-148 Clone Containing 
the wx-844;:Eh-l Allele 
To visualize the size of the En-1 insert, its position 
within the Wx gene and its structure relative to the SpmI-8 
insert, heteroduplexes were formed between recombinant phages 
containing the wx-844 allele and the Wx allele (Figure 4.10) 
or the wx-m8 allele (Figures 4.11, 4.12). 
Phage DNA of the X recombinant clones were used for 
hybridization in formamide (see Methods) followed by spreading 
on nitrocellulose film on copper grids. The spread DNA was 
used for platinum shadowing and the grids visualized by 
electron microscopy. Photographs of the heteroduplex 
molecules were taken and measurements were made by comparison 
with 0X174 double and single stranded DNA molecules which were 
included in the same heteroduplex preparation. Measurements 
were made on the Apple computer. 
The heteroduplex shown in Figure 4.10 was formed between 
recombinant phages carrying the wild type Wx (X Wx-45, 
Schwarz-Sommer et al,, 1984) and the wx-844;;Sn-l (X 517-148) 
Figure 4,10, Heteroduplex between phages containing the wild type ^  allele and the 
wx-844;;En-l allele. The large single stranded loop is En-1 (8kb) 
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Figure 4,11. Heteroduplex between phages containing the wx-844:tEn-1 allele and the 
wx~m8;;Spm-l8 allele. The large 8 kb single stranded loop is En-1 and 
the smaller 2 kb loop is Spm-I8 separated by a 1 kb double stranded Wx 
gene sequence 
126 
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Figure 4,12. Heteroduplex between phages containing the wx-844;tEn-1 allele and the 
wx-mS;tSpm-18 allele. Three single stranded loops are visible in the 
molecule (the single stranded circle at the side is ^xl74DNA). The 
central single stranded loop (6 kb), is the portion of En-1 not 
represented in Spm-I8, flanked by two double stranded regions due to 
the hybridization of the ends of En-1 to the 2.2 kb Spm-I8 
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Figure 4,13. Summary with tracings of the heteroduplexes from preceding Figures: A 
= Figure 4.10, B = Figure 4.11, C = Figure 4.12, as a guide to 
explanations in the text in section 4.9 
Ql-uids 
H 
H 
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alleles. The large single stranded loop observed in Figure 
4.10 in the middle of the heteroduplex molecule is En-1 (see 
tracing in Figure 4.13A). The size of En-1 from measurements 
of five molecules is 7.5 kb which is in agreement with the 
size calculated from the genomic southern blot experiments 
with Bam HI digested DNA (Figure 4.3A). The two single 
stranded loops left and right from En-1 in Figure 4.10 and 
labeled a and b in Figure 4.13A, represent the portion of the 
Wx allele present in X Wx-45 but absent from the cloned 
portion of the wx-844 allele. 
In heteroduplexes between the phage DMAs containing the 
wx-844 (X 517-148) and the wx-m8 (X wx m8-2, Schwarz-Sommer et 
al., 1984) alleles, two types of molecules could be observed. 
The molecule depicted in Figure 4.11 shows the single-stranded 
phage arras and the regions containing the double stranded Wx 
gene (simplified sketch in Figure 4.13B). This indicates that 
the 5^ region is inserted in opposite orientation with respect 
to the phage arms in the two phages. The 8,2 kb single-
stranded loop belongs to En-1 in wx-844 and the smaller 1.8 kb 
loop belongs to SpmI-8 in wx-m8 (Figure 4.11, Figure 4.13B). 
The distance between the two loops is 1 kb. A distance of 1 
kb from the insertion site of SpmI-8 in wx-m8 would position 
En-1 into the Bam 0.6 kb Wx fragment. This again is in 
agreement with the data obtained by southern blot analysis. 
132 
The second type of heteroduplex molecules between X 
517-148 and X wx-m8-2 (Figure 4.12) shows paired double 
stranded phage arms and the wild type Wx gene portions of the 
two cloned alleles as single stranded loops. The heteroduplex 
in Figure 4.12 is represented in Figure 4.13C, in which loops 
I and II belong to the Wx portions within the two phages. 
This confirms that the Wx gene is in opposite orientation in 
the two phages. Most interestingly, in such a molecule a 
heteroduplex is formed between En-1 and SpmI-8 giving rise to 
a double stranded region of 2.2 kb (corresponding to the 
common SpmI-8 sequences) in which a single stranded loop of 6 
kb from En-1 loops out. The tracing in Figure 4.13C shows the 
double stranded region labeled a and b which represents the 
homology at the ends of En-1 to the SpmI-8 insert. The single 
stranded loop of 6 kb labeled c in figure 4.13C is the DNA of 
En-1 not present in the receptor element SpmI-8. 
The existence of these types of molecules observed by 
heteroduplexes allows some conclusions. First, En-1 is 
integrated in opposite orientation with respect to 1-8 of the 
wx-m8 allele. Secondly, the receptor component SpmI-8 is a 
deletion derivative of the autonomous En-1. From the three 
independent heteroduplexes studied, the size of En-1 observed 
was 8 kb (7,5 kb, 8,2 kb and 8.2 kb from five independent 
molecules measured for each molecule represented in Figure 
4,10, 4,11, 4.12). The results of the heteroduplex analysis 
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confirm that the recombinant X 517-148 clone is representative 
of the wx-844;:En-l allele analyzed by genomic southerns of 
the plant DNA. 
4.10 Sequencing Strategy 
The dideoxy chain termination sequencing method (Sanger et 
al., 1977) using Ml3 vectors (Messing, 1983) was supplemented 
by the use of the chemical degradation method (Maxam and 
Gilbert, 1980) to complete the sequence of both strands of 
En-1. Different strategies were developed for subcloning of 
specific fragments and obtaining a set of overlapping 
subclones in order to read sequences over a long stretch using 
the M13 vectors. Convenient restriction sites in the puc9 
polylinker served for 3' end labeling followed by the chemical 
degradation sequencing method for reading the sequence. The 
strategies used for the fragments shown in Figure 4.14 are 
outlined below. 
A. Maxam and Gilbert sequencing for 3' end labeling (BcoRI, 
Hind III, Bam HI) of the puc 9 recombinant plasmid 
subclones. 
B. Restriction fragments, overlapping cloning sites used in 
subcloning into the puc 9 vectors, were force cloned into 
appropriate sites of M13 vectors which were sequenced by 
the dideoxy chain termination method (Sanger et al., 
1977). 
Figure 4.14. Sequencing straigegy showing restriction map of En-1 and arrows 
underneath showing deletion subclones with sequences read in the 
orientation of the arrows shown. The restriction sites on the map are 
as follows; B = BamHI, H = Hindlll, K = Kpnl, N = Ndel, P = PstI, RI 
= EcoRI, RV = EcoRV, S = Sail. 
The letters on the right side of the figure designate the different 
techniques used in cloning and/or sequencing, and are described in 
section 4.10 under the subheadings of A-E 
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C. The recombinant puc 9 plasmid was linearized with BcoRI or 
Hind III, digested for short periods with Bal-31 nuclease, 
and reçut with a second enzyme (Hind III or EcoRI 
respectively) to release the insert. The fragments were 
size fractionated on a 1% agarose gel, by cutting a slot 
in the gel into which a strip of DE 52 paper was placed. 
The DNA, visualized by 300 nm UV light, was collected on 
the DE 52 paper which was replaced after the movement in a 
200 bp size range fragments. The DNA was extracted from 
the different fragment-containing DE 52 paper by a 1 M 
NaCl elution buffer, and after ethanol precipitation used 
for ligation into suitable sites of mp8 and mpll vectors. 
Selection for inserts was done by plague hybridization to 
suitable probes. Both strands of the 2.7 kb insert in pBE 
24-4 and one strand of the 1.4 kb EcoRI insert in pE 148-9 
were sequenced by Bal-31 generated deletion subclones as 
shown in Figure 4.14. 
D. The strategy reported by Henikoff (1984) was followed. 
Purified inserts cut out of the puc9 plasmids, were cloned 
into mpl8 and mpl9 Ml3 vectors. Ml3 double stranded forms 
of the recombinant clones were prepared. The Ml3 plasmids 
were cut with two enzymes, one with a 3' protruding end 
resistant to Exo-III action (PstI, SphI, SstI or Kpnl) and 
the second nearer to the insert with a 3' recessed end. 
The cut plasmid was treated with Exo-III and aliquots 
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removed at 30 second intervals. The aliquots were treated 
with SI nuclease followed by a short DNA Polymerase Klenow 
fragment repair and religation of the linear M13 
recombinants. Plaques resulting from plating were used 
for DNA sequencing. This procedure was efficient and 
resulted in the sequencing of one strand of the inserts 
from pE 148-7, pE 148-9 and pBE 17-6, 
. In this strategy the linearized recombinant plasmid (cut 
with EcoRI or Bam HI) was treated with Exonuclease III 
with aliquots removed every 30 seconds. These time 
aliquots were treated with SI nuclease followed by a short 
repair synthesis with the Klenow fragment of DNA 
polymerase. The aliquots were reçut with a second enzyme 
to release the insert, followed by ligation into suitably 
cut M13 vectors. Selection of clones for sequencing (to 
distinguish from plasmid inserts) was made by plaque 
hybridization to suitable probes. One strand of the 
insert in pBE 24-3 and pBE 17-6 was sequenced by this 
method of generating a set of deletion subclones by Exo-
III from the puc9 recombinant plasmid (shown in Figure 
4.14). 
4.11 DNA Sequence of the Termini of En-1 and the Target 
of Insertion in the Gene 
A transposable element family has a characteristic 
nverted repeat at the ends of the element and causes a target 
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site duplication of a specific number of nucleotides, on 
insertion. The SpmI-8 element of the En-I transposable 
element family was seen to have a 3 bp target site duplication 
and possesses a 13 bp long perfect Inverted repeat at its 
termini (Schwarz-Sommer et al., 1984). To confirm whether 
this is a general feature of the En-I transposable element 
family and to check whether there was any divergency in DNA 
sequence between the En-I, the Bam HI 0.6 kb fragment, from 
the wild type Wx allele of Line C was sequenced to confirm the 
target site duplication. A corresponding Bam HI 0.3 kb 
fragment from a cDNA clone was sequenced to see whether 
En-1 was inserted in an intron or exon. 
The plasmids pB 148-24 (6 kb Bam HI insert) and pB 148-17 
(3 kb Bam HI insert) were used for sequencing by the Maxam and 
Gilbert (1980) chemical degradation method after 3' end 
labeling of the Bam HI restriction site. The DNA sequence of 
about 500 bp from each end could be read which gave about 300 
bp of the target Wx gene site and about 200 bp of the left and 
right termini of En-1. The 0.6 kb Bam HI fragment from the 
Line C Wx gene and the 0.3 kb Bam HI fragment from the Line C 
Wx c DNA were subcloned and plasmid minipreparations were used 
for 3' end labeling and sequencing by the Maxam and Gilbert 
(1980) method. 
The results of the sequence of the termini and the site of 
insertion in the Wx gene, are presented in Figure 4.15. The 
Figure 4.15. Nucleotide sequence of the 5' and 3' 
junctions of En-1 and its integration site 
within the wild-type Wx gene. Exon-intron 
junctions are indicated by the open boxes 
which are exons. The target site of En-1 
within the Wx gene (lower sequence) and the 
target site duplication within the wx-844 
allele (upper sequence) is shown in boxes. 
The left and right termini of En-1 are folded 
to produce a stem and loop structure by 
pairing homologous regions. Sequence 
deviations between Spm-I8 (Schwarz-Sommer et 
al., 1984) and En-1 are indicated by arrows 
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inverted terminal repeat and other homologous regions of En-1 
are folded into the stem and loop structure displayed in 
Figure 15. En-1 causes a 3 bp target site duplication upon 
insertion into the Wx gene (boxed in the Figure 15) and 
possesses a 13 bp perfect inverted repeat at its ends. En-1 
is inserted in an intron of the Wx gene as seen by comparison 
of the Wx cDNA sequence (exons are shown in hatched boxes). 
Only a few nucleotides differ in this sequence of the En-1 
termini and the previously reported termini of SpmI-8 
(Schwarz-Sommer et al., 1984). 
4.12 DNA Sequence of En-1 
Both strands of En-1 were sequenced to obtain the correct 
sequence. En-1 is 8287 bp in length. The sequence is given 
in the Appendix. The sequence represented by the upper strand 
shown is in the direction of the transcripts and the major 
open reading frames. The orientation shown (5* to 3*) is 
opposite to the direction of transcription of the Wx gene in 
which En-1 is inserted in the wx-844 allele. The restriction 
enzyme recognition sites are shown above the DNA sequence and 
the amino acid sequence in one letter code (section 3.2), 
predicted from the upper strand of the DNA sequence is shown 
in the Appendix. 
A distinct feature of the sequence (shown in Figure 4.16) 
is a G + C rich domain (82%) between positions 300 and 500 
compared to the rest of the element (49%), Structural 
Figure 4,16. Diagram showing the A + T content of En-1 as a ratio to the G + C 
fraction. The peaks indicate high A + T content, and the troughs 
indicate a high G + C content (or low A + T) 
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analysis of the termini and a screening for homology to other 
transposable elements was further carried out with the DNA 
sequence and the results are presented in the following 
sections. 
4.13 Structural Features of the Termini of En-1 
The sequence organization of about 500 bp of each of the 
two terminal ends of En-1, characterized by short direct and 
inverted repeats, is remarkably different from the internal 
region as shown in the dot plot of the En-1 element compared 
to its reverse shown in Figure 4.17, Dot plot analysis using 
500 bp from each end reveals that the homology between the two 
ends is restricted to about 200 bp of the left terminus and 
300 bp of the right terminus (Figure 4.18). 
Both the termini of En-1 are characterized by local 
inverted repeats within each end. Inverted repeats are 
revealed by dot plot analysis of the left end (Figure 4.19) 
and the right end (Figure 4.20) represented by comparison of 
the sequence of one strand and its reverse. 
Direct repeats within each end are revealed by comparison 
of the sequence of 500 bp from the left and right junctions to 
itself. The dot plot matrix reveals that direct repeats are 
localized between 300-500 bp internal in the left terminus 
(Figure 4.21) and in the terminal 300 bp of the right terminus 
(Figure 4.22). 
Figure 4.17. Dot plot (Devereux et al., 1984) of En-1 
sequence (1 to 8287) compared to the reverse 
of the same strand. Each dot represents a 
region of sequence homology 20 bp long 
(window) with at least 14 matching bases 
(stringency). The diagonal indicates the 
symmetry of comparison of identical sequences 
of En-1. The cluster of points at the two 
ends of the diagonal represent direct 
repeats. The two clusters at the other 
extremities of the plot, not on the diagonal 
represent inverted repeats 
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Figure 4.18, Dot plot (Devereux et al., 1984) of 500 bp of 
En-1 sequence, with left end (1-500) compared 
to the reverse of the right end (7787-8287), 
Each dot represents a region of sequence 
homology 21 bp long (window) with at least 14 
matching bases (stringency). A series of 
dots in a line represent extended inverted 
repeats between the left and right termini of 
En-1. Such inverted repeats are localized 
between 1-180 of the left end and 800-8287 of 
the right end of En-1 
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Figure 4,19, Dot plot (Devereux et al., 1984) of 500 bp of 
the left end of En-1 compared to its reverse 
(same strand, orientation opposite). Each 
dot represents a region of sequence homology 
21 bp long (window) with at least 14 matching 
bases (stringency). A series of dots in a 
line represent extended local inverted 
repeats which may form hairpin loop 
structures (palindromic sequences). The 
local inverted repeats at the left end of 
En-1 are localized primarily between 1-180 of 
En-1 sequence 
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Figure 4.20, Dot plot (Devereux et al., 1984) of 500 bp of 
the right end of En-1 (7787 to 8287) compared 
to its reverse to reveal inverted repeats. 
Each dot represents a region of sequence 
homology 21 bp long (window) with at least 14 
matching bases (stringency), A series of 
dots in a line represent extended local 
inverted repeats (palindromic) which may form 
hairpin structures. Such local inverted 
repeats are localized between 8000-8287 on 
the En-1 sequence 
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Figure 4,21. Dot plot (Devereux et al., 1984) of 500 bp of 
the left end compared to itself to reveal 
direct repeats. Bach dot represents a region 
of sequence homology 21 bp long (window) with 
at least 14 matching bases (stringency). A 
series of dots in a line represent extended 
direct repeats. Such direct repeats are 
primarily localized between 300-500 and a 
less extensive region between 30-120 in En-1 
sequence 
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Figure 4.22. Dot plot (Devereux et al., 1984) of 500 bp of 
the right end of En-1 (7787-8287) compared to 
itself to reveal direct repeats. Each dot 
represents a region of sequence homology 21 
bp long (window) with at least 14 matching 
bases (stringency), A series of dots in a 
line represent extended direct repeats. The 
direct repeats are localized primarily 
between 7990-8230 and a short region between 
7800-7900 (the region of the poly A site of 
En transcripts) 
156 
7500 7800 8000 8200 
8200 
Q 
•u 
cr 
m M 
7300 
7800 
77S7 to 8287 enl.seq 
Figure 4.23, Possible secondary structure of the ends of 
the En-1 element. Using 500 bp from each end 
of En-1 joined in the middle by a series of 
Xs (50) to denote the internal region of 
En—1! this structure was predicted to be the 
most stable thermodynamically. The local 
inverted repeats within each end form stable 
hairpin structures. The terminal inverted 
repeat is unique (13 bp) and is indicated at 
the termini 
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The sequence organization of the distribution of direct 
and inverted repeats, makes it possible to pair the left and 
right ends in a stem and loop structure as shown in Figure 
4.15, using the homology between the left and right junction 
inverted repeats to make a step and loop structure (Schwarz-
Sommer et al., 1984, 1985b, Gierl et al., 1985a, Pereira et 
al,, 1985). Using a computer program (K. Stuber, personal 
communication, MPI, Cologne, FRG) proven to predict the 
structure for an RNA molecule, the most stable structure using 
500 bp of each terminus of En-1 (Figure 4,23) consists of a 
short stem formed between the extreme ends and the local 
inverted repeats which stabilize the hairpin structures within 
each end, 
4.14 DNA Sequence Comparison of En-1 to 
Receptor ^  Elements 
The DNA sequence of En-1 (8287 bp) was compared to the 
sequence of SpmI-8 (Gierl et al., 1985a) which is 2241 bp 
long. The receptor element SpmI-8 bears an internal deletion 
of 6046 bp relative to the functional En-1 element. The 
sequence of SpmI-8 is represented on the En-1 sequence between 
positions 1 to 860 on the left end and 6907 to 8287 (1381 bp) 
on the right end. The breakpoints between the SpmI-8 and En-1 
sequence at position 860 and 6907 of En-1 and flanking regions 
show no evidence of repeat structures which might possibly 
have played a role in conversion of En to an I element. 
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Table 4,4 DNA sequence substitutions between En-1 and SpmI-8 
(upper strand) 
En-1 Nucleotide 
Position Nucleotide in En-1 Nucleotide in SpmI-8 
65 C G 
7633 A G 
7659 C A 
8270 A G 
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In the 2241 bp sequence compared between En-1 and SpmI-8 
there are four base pair substitutions which are outlined in 
Table 4.4. There are two substitutions in the termini 
(nucleotide position 65 and 8270), both of which are in the 
loop structure shown in Figure 4.15, suggesting a role for the 
conservation of the stem structures. The DNA sequence of the 
insert in the a-ml (6078) allele is identical to the 2241 bp 
SpmI-8 insert (Schwarz-sommer et al., 1985b) and therefore 
contains the four nucleotide substitutions compared to En-1 as 
shown for the SpmI-8 comparison (Table 4.4). 
4.15 Prediction of Potential Codogenic Regions of En-1 
The DNA sequence of En-1 was used to predict the potential 
amino acids encoded by the three reading frames of the upper 
strand and the three reading frames of the bottom strand. The 
bottom strand did not reveal any large open reading frames and 
the use of single stranded probes on northern blots did not 
reveal transcription of this strand. The upper strand of the 
sequence shown in the Appendix with the corresponding amino 
acids encoded by the three forward reading frames, reveals a 
large open reading frame (ORFl) between nucleotide positions 
1394 and 4905 encoding a potential 1170 amino acid long 
protein. 
A 1.2 kb long cDNA clone, corresponding to a 2.5 kb 
transcript of ^  (see next section), has been sequenced (Gierl 
et al., 1985a). The codon usage of this region was used to 
Figure 4.24, Prediction of potential codogenic regions (Devereux et al., 1984) of 
En-1 sequence using the upper strand given in the Appendix. The met 
codons (ATG) are indicated by vertical slashes above, the stop codons 
by squares. The two largest open reading frames, ORFl and 0RF2, are 
boxed in. The curve below indicates the probability, by a testcode, 
that the sequence is translated 
TESTCODE Of: enî.seq 
ii/inctm' 200 bp 
i to: B2B7 
II1111III MIL 1 I III IIUII 1 <MIIIWI)^^ <•» *W4# 
.8IMX> #* {>4IWIM«N8*@MMN MH;N4t«k#*4;iK>*>4Ba4l»IWXINNI##IWIMI 41» !4MNMNM*a!N*4»H> #Wm4> 
S 
a 
4J 
«0 
fi 
ORF 1  
a\ 
w 
-» 1 r 
2000 
"« 1 r 
4000 
1 J r 
6000 
164 
predict potential codogenic regions of the En-1 sequence using 
the UWGC computer program developed by Devereux et al, (1984). 
Figure 4.24 shows the results of the prediction of potential 
codogenic regions of En-1 using the three reading frames of 
the upper strand, the vertical slashes above are the 
methionine codons (ATG) signifying potential translation 
starts, the squares indicate stop codons. The boxed in 
regions below signify the open reading frames and the curve 
below represents the correspondence of the codon usage of that 
region to the codon preference table of the 1.2 kb En cDNA 
sequence. 
4.16 En Homologous Transcripts 
Poly(A)* RNA was prepared from kernels 20 days after 
pollination (see Materials and Methods). The genotypes used 
were (a) wx-844/wx, (b) wx-mS + Erx, (c) Line C (No active En). 
For each sample, 6 ug of m-RNA was loaded on a horizontal 
denaturing agarose gel with E^ coli and Z_j_ mays r-RNA markers. 
The gels were transferred to nitrocellulose and hybridized to 
the single stranded M13 probes (see Methods) from different 
regions of En-1. 
Figure 4.25 shows the result of the northern blot 
hybridization. The restriction map of En-1 is shown below 
with the coordinates and direction (5' to 3') of the single 
stranded probes. The lanes above show the hybridization 
pattern of the corresponding probe shown below. 
Figure 4.25, Northern blot analysis of En homologous 
transcripts. m-RNA from the wx-844:;En-1 
genotype was used. Probes used for 
hybridization were single strand labeled M13 
subclones, the orientation and size of the 
single strand specific probes are shown (a-e) 
above the restriction map of En-1 and the gel 
lanes consequently labeled (a-e) to indicate 
the probe used. Molecular size of the 
transcript is indicated in kb and below the 
figure arrows shown to indicate the 
transcription unit for the 2,5 kb and 6 kb 
transcript. The restriction enzyme sites 
shown on the map of En-1 are ; B = BamHI, H -
Hindlll, K = Kpnl, H = Ndel, P = PstI, RI = 
EcoRI, RV = EcoRV, S = Sail 
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Three consistent sizes of transcript are observed of 6 kb, 
2.5 kb and 1,5 kb. When single stranded probes of the 
opposite orientation (of that shown in Figure 4,25) are used 
these transcripts are not evident. The direction of 
transcription is therefore, opposite to the orientation of the 
probes, from left to right of the En-1 map shown. 
The 6 kb transcript does not hybridize to the first two 
probes (from left of Figure 4.25) which span about 1.6 kb of 
the left region of En-1. The three probes on the right of the 
element hybridize to the 6 kb transcript. The probe in the 
middle (3 kb EcoRI fragment) contains the large open reading 
frame (ORFl) which should therefore, be represented in the 6 
kb transcript. 
The 2.5 kb transcript hybridizes to the left most probe 
and to the two probes from the right side of En-1. This data 
confirms the results of the cDNA sequence of the 2.5 kb 
transcript (Cuypers, pers. commun). The 5' region of the 2.5 
kb transcript is at the left end of the Eri element, followed 
by a large intervening sequence and the rest of the 2.5 kb 
transcript being homologous to the two probes from the right 
side region of En. The 1.5 kb transcript hybridizes to all 
the En-1 probes used. 
In a control experiment, line C endosperm m-RNA shows a 
very weak 2.4 kb transcript, (about 1/4 intensity of the 
wx-844 line) with internal En-1 probes, which can be observed 
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as a broad diffuse band. Rehybridization with a gene probe 
gives a distinct band indicating that the RNA was not 
degraded. The wx~m8 + ^  line gives a similar pattern to that 
of the wx-844;:En-l line. 
4,17 Distribution of Eti in Maize and Related Species 
The question of whether ^  and related transposable 
elements (En-I system) are present only in maize, or in other 
related species as well, was addressed by Southern blot 
hybridization of En-1 fragments as probes on DNA from maize 
and related species. The Wx gene probe was used as a control 
to study the evolution of a unique gene compared to that of 
the mobile element Eri in the plant genome. 
Three representatives of Zea Mays were used in comparison 
to three teosinte species, two genera from the old world 
Maydeae and Tripsacum as a relative from the American 
continent. The DNA extracted from single plants was digested 
with the restriction enzyme EcoRI, run on two 0,7% agarose 
gels and Southern transferred. The two baked filters were 
hybridized to a left junction En-1 probe (insert from. pBE 
24-4) containing a codogenic region of En (see section on En 
transcripts) and to the Bam 4.5 Vte gene probe. 
A short description of the maize and related species is 
outlined (adapted from Mangelsdorf, 1974). 
a) Zea mays Line C-a W22 color converted line 
Figure 4.26, Genomic Southern blot hybridization. The 
molecular size markers are indicated in kb on 
the left side. The genomic DNA used are as 
follows : 
LC = Zea mays Line C 
NT = Zea mays race Nal Tel 
PT = Zea mays race Palomero Toluqueno 
PG = Zea mexicana ssp parviglumis 
ZL = Zea luxurians 
ZD = Zea diploperennis 
TB = Trilobachne cookei 
CH = Chionachne koeniqii 
TP = Tripsocum dactyloides 
Probes used for hybridization are: 
A = En-1 fragment probe 
B = Wx gene (BamHI 4.5 kb) probe 
f ^ 
T T . ' ' ' I * w %m% 
111 mim 
1 1  mm\ 
I I i; .1 
II iiiiat 
171 
b) 2ea mays race Nal Tel from Mexico introgressed with 
teosinte 
c) Zea mays race Palomero Tolugueno which is not highly 
introgressed 
d) Zea mexicana ssp parviqlumis close relative to Zj^ mays 
e) Zea luxurians distinct species of teosinte from Guatemala 
f) Zea diploperennis diploid perennial teosinte 
g) Trilobachne cookei old world species of tribe Maydeae from 
India 
h) Chionachne koenigii old world species of tribe Maydeae 
from India 
i) Tripsacum dactyloides new world species of tribe 
Andropoqonae from South America. 
The results of the hybridization to the En-1 probe is 
shown in Figure 4.26A. All species of the genus Zea show 
reiteration of Eri sequences. The old world genera Trilobachne 
and Chionachne do not show any En homologous hybridization. 
Tripsacum shows a single band on exposure of one week (not 
shown in Figure 4.26A) which could be an En related sequence. 
The number and intensity of En fragments indicated about 40 
copies in the genome at various positions as different size 
fragments are evident. 
The results of hybridization with the gens probe are 
shown in Figure 4.26B. The Wx gene as a DMA homologous 
fragment is present also in Trilobachne, Chionachne (weak) and 
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Tripsacum. Zea diploperennis seems to be heterozygous and 
possess a duplicated Wx gene as indicated by multiple Wx gene 
homologous bands. 
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The Southern blot hybridization results show that ^  is 
present in the genus Zea and absent from the other related 
genera of the tribes Maydeae and Andropogoneae. This 
indicates that the transposable element Eri has arisen fairly 
recently in evolution, after the divergence of Zea and other 
genera. In related experiments. En homologous sequences were 
not found in tomato, tobacco, petunia, potato and barley 
(results not shown). In contrast, the amylose production gene 
waxy is present in the relatives of maize and may also be 
present in dicot species. 
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DISCUSSION 
5.1 Transposon Mutagenesis in Cloning En 
The strategy utilized in cloning of the transposable 
element Enhancer, involved the use of Eri containing genetic 
stocks to select for En insertion mutations at the Wx locus 
for which a molecular probe was available (Schwarz-Sommer et 
al., 1984). En containing lines have been demonstrated to be 
useful in obtaining unstable ^  mutations at target loci 
(Peterson, 1978). The frequency of obtaining En controlled 
mutants range from 2.4 x 10-6 ii,g % io~® in different 
lines (Peterson, 1978). The mutant characterized in this 
study, designated wx-844::En-l arose at a frequency of 1 in 
1.9 X 10® gametes (Peterson, 1985a). 
The selection for ^  insertion mutations at the Wi locus 
was started in the summer of 1982 at Ames, but no unstable En 
mutants could be found. Five stable ^  mutants were selected, 
at a rate of one in 7.8 x 10^ kernels (Peterson and Cormack, 
1984). From the isolation plot of 1983, 13 putative ^  
mutants were selected but only the wx-844;;En-l proved to be 
an En insertion at the Wx locus. 
The overall low frequency of obtaining an En insertion 
mutation at the Wx locus may in part be due to the difficulty 
in observing a wx mutant in the endosperm of the stocks used. 
Alternatively, the chromosomal location of En in the genome 
may not have been favorable for transposing to the Wx locus. 
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this being supported by the observations of ^  transpositions 
from the ^  locus on chromosome 3 which were predominantly 
y^ound linked to the same chromosome (Nowick and Peterson, 
1981). 
The precaution of using transposable elements linked to 
the target locus for mutant selection was taken into account 
by Dellaporta (1984) in cloning the R locus of maize. To 
obtain an Ac at the R locus, unstable R-ni mutations were 
selected in progeny from a progenitor stock containing a 
reciprocal translocation that coupled the P-vv (Mp) allele on 
chromosome 1 to the R-Ni allele on chromosome 10. Such 
criteria of location and activity of a transposable element 
(Peterson, 1978) are important considerations for future 
strategies on 'gene tagging' using transposons in maize and 
other species. 
An interesting observation of the integration specificity 
of plant transposable elements (Doring and Starlinger. 1984) 
may play a role in integration and subsequent selection of 
unstable mutations at specific loci. The presence of short 
direct DNA duplications of 6-10 bp (those longer than 6 bp 
with one or two mismatches) prior to insertion, has been 
examined (Doring and Starlinger, 1984) in seven insertion 
sites of Ac-Ds, the Mul insert in Adhl, the Spral^S insert in 
wx-m8 and the Taml element of Antirrhinum majus. The insert 
Bn°l in the wx°344 mutant is also flanked by a short DNA 
duplication which was present at the Wx target site (Pereira 
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et al., 1985). Thus, the presence of such short DNA 
duplications may be a requirement on the target DNA in order 
^•rhat a transposon may insert. 
5,2 Evidence of an En, Element Inserted in the wx-844 
Mutant Allele 
An autonomous allele (McClintock, 1955) is inherently 
unstable because the element at the locus is capable of 
autonomous excision and transposition, and no separate factor 
is required for the occurrence of mutations, A corollary of 
this genetic definition is that the transposable element is 
very closely linked or inserted at the locus, A problem 
encountered in proving linkage is often the excision of the 
element from the locus in some gametes. Another caution in 
establishing autonomous control of a locus by an element, is 
that a receptor element may be present at the locus and a 
regulator element very closely linked, to give linkage data 
resembling autonomous controle 
These and other alternative arguments were circumvented by 
undertaking simultaneous molecular and genetic analysis of the 
wx-844 allele. Several lines of evidence are given to prove 
that En-1 inserted in the wx-844 allele autonomously controls 
the wx-844 mutable allele. 
(i) In the genetic analysis of cosegregation, the evidence 
for linkage between the mutable wx-844 allele and En 
indicated autonomous control of the wx°344 allele by 
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En. The genetic data from the outcrosses to En tester 
lines established that there is only one En element in 
the genome of the heterozygous mutable kernel 
containing the wx-844 allele and that this element is 
linked to the Wx locus. The most convincing evidence 
comes from the observations, on the selfed ears, that 
the action of the ^  element on a receptor component 
located at the A locus (a-m(r)) always cosegregates 
with the mutability at the Wx locus. Since any action 
of ^  at the a-m(r) allele can only be observed in the 
absence of the C-I allele which was present within the 
wx-844 allele-containing chromosome, the spotted and wx 
mutable kernels must contain ^  and the C allele. The 
recombinant chromosome, carrying ^  and C can arise by 
crossing over during raeiotic division and since the 
observed frequency of spotted kernels (containing En) 
corresponds to the theoretical frequency of cross-overs 
between the Ç and Wx loci the ^  element must be 
located at the wx-844 allele. 
(ii) Molecular cloning of the wx-844 allele revealed a 8287 
bp insert within the transcribed region of the wx 
gene. The insert termed En-1 is homologous to its 
receptor (^) » Heteroduplex analysis, restriction 
analysis and finally DNA sequencing showed that the 
receptor element is a deletion product of Sn°l. The 
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cloning of many other _! elements (Schwarz-Sommer et 
al., 1985b) substantiated the fact that the receptor ^ 
elements are subsets of the sequence of En-1. 
r " •* —-
(iii) Knowledge of the molecular properties of En-1 allowed 
the isolation (O'Reilly et al., 1985) of another ^  
element (En(papu)) autonomously controlling the 
a-m(papu) allele (Peterson, 1970) and subsequently the 
wild type Aj^ locus. Heteroduplex molecules formed 
between the two Ens show a perfect double-stranded 8.2 
kb long structure. No differences in the position of 
restriction sites studied so far were found between the 
two En elements. 
Knowledge of the structural integrity of En elements 
enabled the isolation of the C2 locus (Wienand et al., 1986) 
and the CI locus (Paz-Ares et al., 1986). In all cases, the 
En structure is consistent and is also identical to the Spm-s 
structure by restriction mapping (Fedoroff et al,, 1985) and 
heteroduplex analysis. 
Two independently isolated elements from the Vfe locus, 
Ac-7 (Behrens et al., 1984) and Ac-9 (Fedoroff et al., 1983b) 
are identical in sequence (Mailer-Neumann et al., 1984). At 
the resolution of restriction mapping and heteroduplex 
analysis, all the molecularly isolated En elements are 
identical. This structural integrity is, therefore, the 
requirement for the transactive products encoded by a standard 
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En. En-1 which autonomously controls the wx-844 mutant and is 
truly representative of a standard ^  was further 
characterized by DMA sequencing and analysis of the 
transcription products. 
5.3 Molecular Structure of En-1 in the wx-844 Allele 
The mutant designated as wx-844; ;En-1 indicates that En-1 
is inserted in the Wx locus in the wx-844 mutable allele. 
This molecular designation refers to the genetic description 
of En-1 autonomously controlling the mutability of the wx-844 
allele. The autonomous wx-844 allele, consists of an En-1 
insertion in the Wx transcription unit. 
En-1 is 8287 bp in length, inserted in an intron located 
near the middle of the Wx gene. It generates a 3 bp target 
site duplication (TSD) upon integration and contains a 13 bp 
long perfect inverted repeat (TIR) sequence at its termini. 
The 3 bp target site duplication and the perfect inverted 
repeat at the termini is characteristic for members of the 
En-I transposable element family (Schwarz-Sommer et al., 1984, 
1985b). 
The number of nucleotides involved in the TSD and the 
sequence of the TIR, of the molecularly characterized En-I, 
the Ac-Ds and the Mul transposable element families of maize 
are characteristic for a family and differ between families. 
The 13 bp long terminal inverted repeat of the En-I family, 
shows almost perfect (12 out of 13 bp) sequence homology with 
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the termini of the transposable elements Tarn 1 (Bonas et al., 
1984) and Tarn 2 (Upadhyaya et al,, 1985) of Antirrhinum majus. 
Likewise, 11 out of the 13 bases of the TIR of the En-I family 
are identical with those found in the Tgml insertion within 
the lei mutant of Glycine max (Vodkin et al., 1983). All 
these transposable elements of maize, snapdragon and soybean 
generate a 3 bp TSD and have been classified under the 'CACTA' 
family of transposable elements (Gierl et al., 1985a). By 
contrast, the terminal inverted repeats of members of the Ds 
controlling element family of maize consist of 11 bp, which 
are identical in all sequenced Ds_ elements but differ in the 
terminal nucleotide from Ac-7 and Ac-9 which have an imperfect 
terminal repeat of 10 bp (Pohlman et al., 1984, Mtlller-Neumann 
et al., 1984). Accordingly the TSD in the Ac-Ds family is 8 
bp long (DOring and Starlinger, 1984). 
En-1 is inserted in an intron of the Wx gene, which 
explains the observations on the phenotype of the wx Wx 
variegation pattern (see Figure 4.1A and 4.IB). The excision 
of plant transposable elements is known to be imprecise 
(Saedler and Nevers, 1985). Since En-1 occurs within an 
intron, small sequence deviations caused by the excision of 
the element might not alter the splicing process. Thus, an 
intact gene product can always be synthesized. This is 
observed phenotypically (iodine stained pollen and kernels in 
Figure 4.1) as wx + Wx reversion events, germinal (pollen) or 
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somatic (kernel), which stain as dark blue-black sectors. In 
contrast, somatic reversion events induced by ^  at the 
receptor component SpmI-8 (Schwarz-Sommer et al., 1984) within 
the wx-m8 allele often lead to intermediate expression levels 
(McClintock, 1962). This can be explained by the fact that 
SpmI-8 is inserted in an exon and that En-induced excision of 
SpmI-8 does not always lead to restoration of the wild-type 
amino acid sequence (Schwarz-Sommer et al,, 1985a). 
The structural organization of ^  as revealed by the DNA 
sequence analysis of En-1, can be organized into the terminal 
segments which are the substrate for the action of the 
transposase function, and the internal sequence which encodes 
the transactive functions genetically defined as the 
suppressor, mutator and activator components. A general 
examination of En-1 structure will be discussed here and 
elaborated with a functional emphasis in the following 
sections• 
In addition to the 13 bp perfect inverted terminal repeat 
of En-1, there are other short repeats at the termini. The 13 
bp perfect inverted terminal repeat (CACTACAAGAAAA) is unique 
and is not repeated in the rest of the En-1 element. A common 
motif of the 13-mer nucleotide ACCGACACTCTTA, or close 
derivatives of it, is repeated 8 times in the left and 10 
times in the right terminal sequence in direct or inverse 
orientation. Because of the repetitivaness of the inverted 
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repeats many secondary structures are possible. Figure 4.15 
shows an example of the stem and loop structures formed by 
pairing of the left and right termini. Alternatively, a 
structure can be formed by pairing of the inverted repeats 
within each end (Figure 4.23), which is thermodynamically more 
stable than the conventional stem and loop structure. Whether 
or not these structures play a role in the transposition 
process remains to be determined. However, the discussion on 
the study of 'states' (section 5.4) in the En-I family will 
deal with the approaches being made in that direction. 
The extended stem and loop structures of the En-I family 
are not unique among plant transposable elements. In addition 
to the short terminal inverted repeat sequence, extended stem 
and loop structures have been observed in molecularly isolated 
members of the Ac-Ds family (Muller-Neumann et al., 1984), 
with the exception of the 405 bp long Dsl (Sutton et al., 
1984) which possesses only the 11 hn inverted terminal repeat 
and no internal stem and loop structures. As Dsl responds to 
Ac, it might be deduced that only the 11 bp TIR is required 
for excision. The 210 bp long inverted terminal repeat of Mul 
can be paired to form a long stem structure which can be 
visualized by electron microscopy with the isolated Mul DNA 
(O'Reilly et al., 1985). 
In an analogy with plant transposable elements, all the 
bacterial transposable elements analyzed so far terminate in 
Figure 5,1, The ratio of CG dinucleotides in relation to the 16 dinucleotide 
combinations in the sequence of En-1, in a window comparing 100 
nucleotides at a time. This CpG fraction is indicative of possible 
sites of methylation with a peak seen between 300-500 nucleotide of 
about 0.2 with a random expectation of 0.0625 though CpG is 
underrepresented in plant DNA 
-0.20 
-0.10 
-0.00 
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more or less extended inverted repeats (Starlinger, 1980). 
Experiments on bacterial transposons (Heffron et al., 1977, 
Kleckner, 1981) demonstrate that the inverted repeat sequences 
at the termini are essential for transposition. 
An exception among plant transposable elements is the 
maize Tz86 element isolated from the unstable ^  mutant 
sh-5586 (Dellaporta et al., 1984) which has no terminal 
inverted repeat sequences. 
Another characteristic feature of the En-1 sequence, other 
than the highly structured termini, is a distinct G + C rich 
domain in the left arm of the element (Figure 4.16). The G + 
C content between positions 300 and 550 is 82% compared with 
48% of the whole element. This region also consists of direct 
repeats of up to 13 bp long. The high ratio of CpG 
residues (Figure 5.1), make this region sensitive to 
methylation which occurs at CpG residues in Bukaryotes 
(Doerfler, 1984) and has been demonstrated to be involved in 
gene expression. This region is in the first exon of Gene A 
of En (Pereira et al., 1986) which is untranslated (described 
in Section 5.6), and might play a role in the activity of En. 
The overall G + C content over the rest of the element 
(Figures 5.1 and 4.16) shows a pattern of peaks which 
corresponds to the codogenic regions described in Section 5,6. 
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5,4 The En-I Transposable Element Family 
The molecular isolation and characterization of En and I_ 
elements has contributed in giving a structural and functional 
understanding of the En-I (Spm) transposable element family. 
Members of this family are DNA insertions that require some 
product encoded by an active element for transposition. 
Elements deficient for this product can be excised and 
transposed only if a complete/active element is present in the 
same cell, acting in trans. 
The En-I transposable element family consists of the 
trans-acting regulator ^  element and the cis-dominant 
receptor ^  element. ^ can autonomously control the 
mutability of an allele in which case En is inserted within 
the locus. Alternatively, the receptor I_ element may be 
inserted within the locus and its excision from the locus 
requires the transactive product of the ^  regulator element. 
E_n-_1 cloned from the wx-844; ; En-1 allele is 8287 bp in 
length and is representative of the transposable element 
Enhancer (regulator) of the En-I (Spm) family. The En (Spm) 
elements cloned from the A locus (O'Reilly et al., 1985, 
Fedoroff et al., 1985), the C2_ locus (Wlenand et al., 1986) 
and the C locus (Paz-Ares et al., 1986) are identical in 
structure to the En—1 element at the level of restriction 
mapping and heteroduplex analysis. This integrity of 
structure of the En element was the principle involved in 
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cloning of the A, C and C2 loci. In the autonomously 
controlled mutant alleles of these three loci, the ^  element 
Is inserted within the locus characterized by the 
transcription unit. 
Comparatively, ^  elements bear internal deletions when 
aligned to the En-1 sequence. This Indicates that the ^  
elements are defective in the trans-active functions encoded 
by the internal sequences of The different I_ elements 
molecularly isolated are sub-sets of the sequence of En-1, 
possessing the terminal sequences required for recognition by 
the transposase but lacking internal codogenic properties. 
The elements isolated from the wx-mB allele (Gierl et 
al,, 1985a) and the a-ml(6078) allele (Schwarz-Sommer et al., 
1985b) are identical, 2241 bp long and bear an internal 
deletion of 6046 bp in comparison to the sequence of Bn-1. 
The DNA sequence bordering the deletion end points does not 
give a clue to any obvious mechanism of the deletion process 
(no repeat sequences). In addition, the dSpm(I) element in 
the bz-ml3 allele is identical to SpmI-8(I) element at the 
wx-m8 allele at the level of restriction analysis 
(Schiefelbein et al,, 1985a), The identical structures of the 
I_ elements in the wx-m8, a-ml(6078) and bzm-13 alleles 
indicate transposition of this I^ element subsequent to an 
earlier deletion process from the Spm(En) element to the 
defective Spm(I) element» 
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The 2 insert in the a-ml(5719A-1) allele has also been 
sequenced (Schwarz-Sommer et al., 1985b). The I insert is 789 
bp in length which corresponds to an internal deletion of 7498 
bp when compared to the sequence of En-1. The interesting 
feature of this insert and the I insert in a derivative of the 
6078 allele, a-ml(d6078-1112) (Tacke et al., 1986) is that 
sequences which comprise the uppermost stem structure (Figure 
4.15) are deleted. Such a reduction in the overall stem and 
loop structure of the element has been postulated to be 
responsible for the decreased response of these 'states' to 
the mutator function of En(Spm). It would be interesting to 
study other states and derivatives in addition to 
non-responders to define the sequences required at the termini 
of elements, which are recognized by the trans-active 
functions of En. Other ^  (dSpm) elements have been 
characterized, but the resolution of the studies, does not 
offer any additional information. In particular, the l_ insert 
in the a-ml(5719A-1) allele responds to the S and M functions 
of therefore, isolation of defective derivatives will help 
in defining the sites of action of the S and M trans-active 
functions. 
The jC insertion mutants in the wx-ra8, a-ml(6078) and 
a-ml(5719A-1) alleles were selected from HcClintock's lines 
containing Spm which have a different pedigree from which En-1 
was selected. The sequence differences between En-1 and the 
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Spm derived 2 inserts, are indicative of the divergence of the 
lines from which En and Spm were obtained. From the 2241 bp 
sequence data available from derivatives of the Spm family, 4 
bp substitutions are evident in comparison to En-1. Another 
En element, En(papu) has been partially sequenced (Schwarz-
Sommer, personal communication) and corresponds to the En-1 
sequence also at the specific nucleotide sequences which 
diverge from the Spm derivatives. Thus, it may be expected 
that the DNA sequence between different En elements may be 
more similar to each other and differ from the sequence of 
different Spm elements. The divergences noted are minor, and 
include only 4 bp substitutions in the 2241 bp of Spm derived 
element sequence available for comparison to 8287 bp of En. 
The demonstration that En and Spm are genetically similar 
(Peterson, 1965) thus is supported by molecular analysis. 
The change in state of the receptor element occurs only 
in the presence of the En regulatory element (McClintock. 
1955). The different states of the a-ml alleles (Schwarz-
Sommer et al., 1985b) which differ in the DNA sequence of the 
element clearly indicate that the difference in the observed 
phenotypes can be attributed to the difference in the size of 
the I sequence inserted. The position of the insert in the 
a-ml alleles analyzed is thus supporting the compositional 
hypothesis (McClintock, 1949) for differences in response. 
190 
The bewildering feature of the En(Spm) ^ deletion and 
the corresponding changes in state from a-ml(6078) + 
i-ml(5719A-1) is that the junctions at which the deletion 
occurred do not contain any repeat DNA sequences as seen at 
the termini of the elements. The statement by McClintock 
(1967b), that a fully active Spm element is required for 
changes in state, suggest that a component of trans-action of 
a fully active Spm(En) is responsible. It can be deduced that 
this trans-active function binds to and acts on internal 
sequences of the element, not necessarily the termini. Such 
action on internal sequences has been documented in the action 
of the resolvase gene in Tn3 (Kleckner, 1983) but this binding 
occurs at a specific res site. Internal deletions have been 
observed in TnlO but are associated with the internal termini 
of the IS10 elements, bordering TnlO (Chandler et al,, 1979), 
which consist of inverted repeats. 
The characterized internal deletions of plant transposable 
elements are not unique to the En-I family but are documented 
in the Ac-Ds family (Fedoroff et al,, 1983b) as well. No 
models have been postulated for the mechanism of this process 
but the general scheme may be envisioned. When an active En 
or other transposable element, trans-activates a related 
insert, the trans^acting function possibly changes the 
conformation of the termini. A structure of stems and loops 
(Figure 4,15) of the termini may be stabilized as a 
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protein-DNA complex, as suggested by Schwarz-Sommer et al. 
(1985b)f which would render the internal regions of the 
^lement single-stranded and possibly open to the action of 
other processes which could cause the deletions. 
The En-I transposable element system is one of the many 
systems described genetically in maize. The genetic 
techniques (Peterson, 1981) involved in characterizing a 
system, depend on the trans-activation of a receptor element 
by its specific homologous regulator element. Molecularly, 
members of a system contain inverted terminal repeats 
characteristic for the system, which would be the substrate 
for action of the transposase. It is evident that the 
transposase of a particular system would only recognize the 
termini of the homologous system. It might be expected that 
the inverted terminal repeats and the associated transposase 
would be the difference separating the genetically defined 
systems. 
5.5 Gene Tagging With En for Cloning Genes 
In recent years, a powerful technique has evolved, for 
cloning genes which have no characterized protein product and, 
therefore, unapproachable by classical protein + antibody + 
cDNA cloning. This technique of 'gene tagging' with 
transposable elements (Bingham et al., 1981), requires mutants 
of the locus of interest with a genetically defined specific 
192 
transposable element and a DNA clone of the same specific 
element. 
The cloning and molecular characterization of En-1, 
enabled the use of fragments of En-1 as molecular probes in 
cloning out the En elements associated with the autonomously 
controlled mutable alleles of the a locus (Peterson, 1970) the 
c locus (Peterson, 1978) and the c2 locus (McClintock, 1964). 
Gene tagging was first shown to be feasible in maize when 
the element was used to isolate the bz^ locus (Fedoroff et 
al., 1984). This experiment exploited the fact that an 
internal portion of the Ac element is present in low copy 
number in the maize genome and thus could be used as a probe 
in the isolation of the ^  locus. This strategy could not be 
used to isolate the a^, c^ and c2^ loci as no Ac controlled 
autonomous mutants were available. At the ^  locus the auton­
omously controlled Eri mutant a-m(papu) and the Mu-induced 
a-Mum2 mutant were used (O'Reilly et al,. 1985). En 
homologous sequences are repeated in about 40-60 positions in 
the maize genome and Mul related sequences present at 10-70 
copies in mutator lines (Bennetzen, 1984) thus makinng the 
selection for the right clone difficult. 
Genomic libraries were constructed from the a-m(papu) and 
a-Mum2 mutant lines. These libraries were then screened with 
En-1 probes for the En-containing mutant, or with a Mul probe 
for the Mu-induced mutant. By cross-screening of the 
positives from the two libraries and by molecular analysis of 
the En-positive clones it was possible to identify clones in 
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libraries carrying all or part of the a gene (O'Reilly et al., 
1985). 
The important feature which emerged from the use of En-1 
probes for cloning the a gene, was that from the initial 50 En 
homologous clones selected, only one clone had an insert 
identical to En-1 in size and position of restriction 
fragments. The mutant a-m(papu) line was genetically 
characterized (Peterson, 1970) to have an En autonomously 
controlling the a locus and thus inserted within it. The 
structural integrity of the En element was exhibited by the 
fact that only the genetically active En(papu) element at the 
a locus had the molecular structure of the En-1 element. 
With this knowledge of the structural integrity of active 
En elements, the ol locus (Paz-Arres et al., 1986) and the c2. 
locus (Wienand et al., 1986) have been isolated. Indeed, the 
Spm element isolated from the autonomous a-m2 allele locus 
(Fedoroff et al., 1985) is also identical to the En-1 element. 
Knowledge of the molecular properties, which include the 
restriction sites and fragment sizes, as well as molecular 
probes of En-1 would be useful in cloning any locus which can 
be defined genetically to be controlled autonomously by En. 
5.6 Ell Gene Structure 
A study of En-1 homologous transcripts formed the basis 
for identification of codogenic regions within the sequence. 
The 8287 bp long En-1 element is representative of the 
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Enhancer transposable element of the En-I family. Information 
on the gene structure of En-1 would, therefore, shed light on 
the trans-active functions attributed to En. 
The presence of defective (^) and active (En) elements in 
the maize genome, would be expected to contribute to the En 
homologous transcripts. By the use of two ^  containing 
lines, wx-844: :En-1 and wx-m8 + En, and line C which lacks a 
genetically active En, it was possible to determine the En 
specific transcripts. 
The major En-specific transcript is 2.5 kb long as 
revealed by northern blot analysis using poly (A)"*" RNA from 20 
day old endosperm of the wx-844;;En-l line. The intensity of 
this transcript is 1/10 of the intensity of the transcript. 
The coordinates of this transcript, as revealed by hybridiza­
tion probes from fragments of En-1, are from the left junction 
of En-1 to the right junction excluding the termini. A large 
intervening sequence was predicted on the basis of the 
internal 3 kb EcoRI En-1 probe not hybridizing to the 2.5 kb 
RNA. 
The structure of this major 2.5 kb long ^  specific tran­
script is supported by cDNA cloning and Si nuclease mapping of 
the transcription start (H. Cuypers, personal communication, 
MPI, Coogne, FRG; Pereira et al., 1986). The structure of 
this gene, named Gene A, is shown in Figure 5.2. A partial 
cDNA clone of gene A has also been sequenced (Gierl et al.. 
Figure 5,2. Gene structure of Restriction map of ^  with the structure of the 
three proposed genes within En, Gene A structure for the 2.5 kb 
transcript is supported by cDNA cloning and mapping of the 
transcription start. Gene B structure for the 6 kb transcript is 
supported by presence of ORFl and 0RF2 and Northern blot hybridization. 
Gene C structure is proposed on basis of Northern blot hybridization. 
The restriction enzyme sites shown are; E = EcoRI, B = BamHI, K = 
Kpnl, P = PstI, S = Sail 
TATA 
-W 
ATG AATAA 
gene A 
-I oRH MTRTTTT gene B 
IHHHH M HH geneC 
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1985a) and compared to the sequence of the defective SpmI-8 
element. On comparison to the En-1 sequence, the rest of this 
partial cDNA clone (Gierl et al., unpublished) was aligned to 
determine the exon-intron structure on En-1. The almost 
complete (lacking 30 nucleotides) 2.4 kb cDNA obtained from 
the wx-844;;En-l line, is identical in sequence to En-1 and 
indicates that En-1 was the template for the transcription of 
the cDNA. 
Gene A has 11 exons with a large first intron of 4434 
nucleotides from position 579 to 5012 in the En-1 sequence. 
There is no translation start in the first exon which is 82% G 
+ C rich. Two possible translation starts (Kozak, 1984) are 
at the beginning of the second exon (nucleotide 5013 and 5022) 
and another in the third exon (5386) which is followed closely 
by a duplication of six amino acids (BAAVDA). Using the first 
met codon as translation start (Kozak, 1984) compatible with a 
ribosome scanning model, gene A codes for 621 amino acids. 
The termination codon (7730) is followed by the polyadenyla-
tion site (7895), which differs from the site identified in 
two other cDNA clones obtained from the wx-m8 + En line (Gierl 
et al., 1985a). 
By SI nuclease mapping of the transcription start, 
initiation of transcription was determined at nucleotide 
position 209 of the En-1 sequence. The size of the transcript 
is 2399 nucleotides, 2361 nucleotides represented as cDNA and 
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the transcription start mapped a further 38 nucleotides 
upstream. Thirty nucleotides upstream of the transcription 
start is the sequence TATGAA which resembles the consensus 
'TATA' or Goldberg-Hogness box (Proudfoot, 1979), At -80 
upstream of the transcription start is the 'AGGA* box (Messing 
et al., 1983), which is the plant promoter counterpart of the 
'CAAT' box (Benoist et al., 1980), 
A sequence directly upstream of the gene A 'TATA' box, is 
present as an inverted repeat (CCGACACTCTTA) at positions 107 
and 147, and as a direct repeat at position 92, all upstream 
of the gene A transcription start. In addition, this sequence 
is repeated four times beyond the 3* end downstream of gene A, 
This sequence is also part of the common motif which forms the 
stem and loop structure (Figure 4,15). Gene A is thus 
bordered at its 5' and 3' extremities by short repeat 
sequences which compose the highly structured termini of Bn-1. 
The potential control sequences upstream of the transcrip­
tion start (position 209) of gene A, which include the -30 
•TATA' box and the -80 'AGGA' box homology which are part of 
the promoter, overlap with the stem and loop structure of 
En-1. The evidence that the sequences which compose the stem 
and loop structure are indeed recognized by the trans-active 
functions of En, comes from studies on defective ^  elements 
from the a-ml(5719A-1) (Schwarz-Sommer et al., 1985b) and the 
a-ml(d6078-1112) (Tacke et al., 1986) alleles which are 
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defective in the stem and loop structure at their termini and 
give an altered response pattern to standard trans-active 
functions of En. This evidence suggests that the inverted 
repeats at the termini might be recognized by the transposase 
or other trans-active functions. The termini may be bound to 
a specific conformation in preparation for the excision 
process. The binding in a specific conformation would 
probably interfere with the transcription of gene A, as the 
promoter would be in a conformation unavailable for initiation 
by RNA polymerase. This system provides a scheme of 
autoregulation, if the product of gene A is the transposase or 
'M' function, its synthesis would saturate the binding site at 
the termini which would as a consequence reduce transcription 
of gene A. 
An alternative structure of the En termini (Figure 4.23) 
is emphasized by the inverted repeats present at each terminus 
which can be paired to form hairpin structures within each end 
independently. Computer simulation predicts such a structure 
to be thermodynamically more stable than the conventional stem 
and loop structure (Figure 4.15). This conformation would 
permit the inverted repeats upstream of the TATGAA sequence to 
form local hairpin loops which could be more accessible for 
transcription initiation. Indeed a transactive function of En 
may stabilize this conformation for transcription of gene A 
product. Such enhancement of En(Spm) activity has been 
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observed in the modifier (McClintock, 1958) and postulated in 
the Activator function (Nevers and Saedler, 1977). 
The striking feature of the gene A structure is that 
almost the complete length of En-1, except for the termini 
required for recognition by the transposase, is encompassed in 
the transcription unit. Another remarkable feature of this 
gene is the long first intron of 4434 nucleotides. But within 
this large intron (Figure 5.2) are the two longest open 
reading frames (ORF), ORFl being 2714 nucleotides long and 
ORF2 being 761 nucleotides long, suggesting a role for the 
preservation of the gene A first intron in the structure of 
En. 
A second gene termed 'gene B' (Figure 5.2) emerges from 
the analysis of the large ORFl and 0RF2, expressed as a 6 kb 
transcript/ which can be spliced to the second exon of gene A 
and sequences downstream while maintaining the overall open 
reading frame. This overlapping gene structure is suggested 
on the basis that En-1 probes downstream of the second exon of 
gene A hybridize to both the 2.5 kb and to the 6 kb 
transcript. This chimaeric gene B, consisting of ORFl + 0RF2 
and possibly the rest of gene A structure from exon 2 down­
stream, has a transcription start in the 3 kb EcoRI fragment 
of En-1 as can be judged from the resolution of northern blot 
hybridizations. The transcription control may, therefore, be 
independent of the influence of binding at the termini. This 
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proposed structure of gene B, homologous to the 6 kb 
transcript observed in the two ^  containing lines studied, is 
expressed at a low level, about 1/50 times the transcription 
level of gene A. 
A potential translation start (Kozak, 1984) is located at 
position 1418 (A AUG). At position 4022, ORPl can be spliced 
to ORP2 at position 4175, and at position 4851 ORP2 can be 
spliced to the transcription unit of gene A at position 5012 
while maintaining the overall open reading frame. This 
codogenic structure of gene B would contribute to the observed 
6 kb transcript which might include a 5' leader sequence as 
well as a poly (A)"*" tail. 
The observations of the northern blot experiments indicate 
a smaller transcript of 1.5 kb, of weak intensity, which is 
lit up by probes from all the fragments of En-1 used. This 
could indicate a highly spliced transcript with smaller exons. 
The alternative of it being a transcript from defective En 
homologous elements is difficult to explain, because if the 
splicing format of gene A is used, a 1.5 kb transcript could 
not be formed unless there are multiple deletions along the 
element. Recently, a possible explanation of this 1.5 kb 
transcript has been found. A 1 kb cDNA clone from the 
wx-°844s sEn-l line has been isolated (H. Cuypers, personal 
communication, MPI, Cologne, FRG) which has large intervening 
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sequences, and agrees with the northern blot hybridization 
results. This may be the structure of a 'gene C'. 
In other plant transposable elements molecularly analyzed, 
no gene structure has been elucidated. The presence of open 
reading frames in ^  (Mùller-Neumann et al., 1984) and Mul 
(Barker et al., 1984) have been documented but the transcrip­
tion products not been elaborated. In the P transposable 
element (Karess and Rubin, 1984) of Drosophila, the four open 
reading frames have been shown to contribute to the 
transposase gene. The retrotransposons (which possess long 
terminal repeats) copia (Mount and Rubin, 1985), 17.6 (Saigo 
et al., 1984) and Ty (Hauber et al., 1985) have been analyzed 
to show an organization similar to retrovirus including a 
reverse transcriptase gene. The plant transposable elements 
analyzed, transpose by a mechanism (Saedler and Nevers, 1985) 
different from the retrotransposons, and prokaryotic 
replicative transposition (Shapiro. 1979). therefore, the gene 
structure and functions are expected to be different and 
worthy of study. 
The gene structure of Eti is representative of other plant 
gene structures (Messing et al., 1983), possessing spliced 
genes, though the large intervening sequence of gene A is an 
exception. Unlike other plant genes which are present as 
multigene families, members of the En-I family are a set of 
mobile multigenes. The presence of the proiaoter in the 
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termini of the transposable element Eii, is parallelled by the 
presence of short repeat sequences in Tn21 which has been 
postulated as the site for repression and activation by the 
tnpm protein (Hyde and Tu, 1985). 
5,7 Functions Encoded on En 
The En(Spm) element is one of the most intensively studied 
transposable elements, genetically. The complexities of the 
functions attributed to En, and an interaction with states of 
a locus, have made studies on ^  functions fascinating. The 
functions attributed to En can be observed on the leaky mutant 
allele, a-ml ( 5719A-1 ) which has an insert in the _a locus 
(Schwarz-Sommer et al., 1985b) but displays a pale pigmenta­
tion in the aleurone in the absence of En in the genome. When 
En is present, the aleurone layer is colorless and shows 
deeply pigmented revertant sectors. The function of the 
element responsible for inhibiting the residual pigmentation 
was designated the suppressor (S_) function, whereas the 
function responsible for somatic reversion was designated the 
mutator (M) function (McClintock, 1954), The M function is 
required for both somatic and germinal instability 
(McClintock, 1957, 1965b). McClintock (1965b) also used the 
designations component ^ for the suppressor and component II 
for the mutator functions. The and M functions are 
genetically distinguishable but cotranspose (McClintock, 
1955). 
Figure 5,3. A model for autonomous control of the X locus 
(any locus) by En(Spm) (adapted from Nevers 
and Saedler, 1977) 
X = a hypothetical gene controlled by En 
PX = promoter of the X gene 
PI = promoter of that spontaneously starts 
transcription 
P2 = promoter of En that initiates 
transcription 
only in the presence of the A gene 
product 
A = activator gene that induces P^ to start 
transcription 
2 = suppressor gene whose product suppresses 
transcription at a site in T sequence 
T = a sequence which terminates transcription 
in 
the presence of the product 
M = mutator gene whose product excises at the 
black boxes indicated by arrows 
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The 2 and M functions of En have been structured In a 
model of ^  action (Nevers and Saedler, 1977), In addition, 
an activator (A) component of En action has been proposed in 
the model (see Figure 5,2) to explain the observations of 
McClintock (1968) on trans-activation of an inactive Spm by an 
active Spm on the a2-ml state, observed as a dosage effect. 
This trans-activation of an Inactive Spm is observed as a 2 
response on the a2-ml allele. Another type of trans-
activation has been observed in the modifier# which does not 
show either S^ or M function by itself. However, when present 
together with either an Spm-strong or an Spm-weak element, 
modifier increases the rate of somatic mutation (M action) of 
alleles that show a relatively low frequency (McClintock, 
1958). 
In the Nevers and Saedler (1977) model (Figure 5.3), three 
structural genes. A, S^ and M are postulated, along with a 
termination sequence (T). Transcription initiation at 21. 
leads to expression of the A gene. The gene product of A 
activates P2. ^ nd results in transcription of the ^  and M 
units. In an inactive En, the spontaneous transcription at Pi 
is not initiated if the is in an inverted orientation, but 
the P2^ of this inactive En which is still in direct orienta­
tion can be activated by the A gene product from an active En. 
The £ gene product terminates transcription at T, thus 
suppressing the expression of the gene at which the I or En 
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element is located. The M gene product excises the Eri or ^  
elements. In this model the S and M functions are controlled 
by the promoter P^, In a modified version, Peterson (1981) 
proposed two separate promoters to control the S and M 
functions, which can mutate and function independently. 
Based on observations of controlled types of change in 
action of the Spm element, McClintock (1967) states that some 
of these changes reduce or eliminate only the mutation 
inducing responses (M function) of the gene associated 
element. Others eliminate the suppressive response and in 
this case no mutational responses will occur. McClintock 
interprets this as the suppressive response must precede the 
mutational response. These changes in £ and M action of the 
Spm element, undergo cycles of activity. The duration of one 
phase of a cycle ranges from a few cell generations to many 
plant generations. This may be interpreted as transient 
changes in S_ and M action. Though many of the changes in 2 
and M action observed in En are not heritable and possibly 
cyclic, some changes eliminating the function (S~) while 
maintaining the ^ function (M^) have been observed (Peterson, 
unpublished) and are heritable over the generations studied. 
A molecular disection of these mutants will identify 
conclusively the and M function determining structural unit. 
Spm-weak (Spm-w) activates somatic mutation later in 
development and at a lower frequency than a standard Spm 
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element (McClintock, 1956, 1957). It is the M functions of 
Spm-w which is primarily reduced in activity, although the £ 
function may also be affected as observed in plant color 
(McClintock, 1957). An a-m2 mutant containing an Spm-w insert 
has been molecularly isolated (Fedoroff et al., 1985), and 
bears a deletion of 1.6 kb in comparison to En-1. This 
deletion does not affect the structure of gene A or the 
putative gene C, as the deletion is located in the intervening 
sequence. But it does affect gene B as it deletes out a 
region of ORFl and ORF2. 
If gene B constitutes the M function, a deletion of 1.6 kb 
of the codogenic region in Spm-w would be expected to abolish 
M function. But the M function of Spm-w is only reduced. 
Spm-w can be complemented by the modifier, which has no S_ or M 
activity on its own. It can be, therefore, deduced that Spm-w 
lacks a transactive function, involved in activating its M 
function, which can be contributed in trans by the modifier: 
This trans-active function contributing to activation of M 
function expression of Spm-w is possibly the gene B product of 
modifier. 
The trans-activation of ^  and M functions may be 
different. The original definition of the activator (A) 
function (Nevers and Saedler, 1977) referred to the activation 
of S function in an inactive Spm on the a2-ml allele. This 
a2-ral allele doss not respond to the M function, but responds 
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to the S function. Crosses of Spm-w with a2-ml (Fedoroff et 
al., 1985) suggest that Spm-w does have a normal trans-active 
function and, therefore, the activator (A) function which 
trans-activates the function expression is probably not gene 
B. At this point it may be convenient to distinguish between 
the activator of and activator of M (^) functions. 
Gene B product would, therefore, be the Mi function. 
It has been proposed (Schwarz-Sommer et al., 1985b) that 
the S_ and M functions are contributed by one protein, the 
transposase. This proposal follows observations on the 
suppression of chimeric transcripts (Gierl et al., 1985a) in 
the wx-m8 allele by En. This ^  response could be due to the 
binding of the transposase at the termini which would be a 
steric hindrance for transcription through the element. A 
prediction of the transposase function (Schwarz-Sommer et al., 
1985b) is that all similar transposable elements would show 
suppression of chimeric transcription due to the trans-active 
transposase function binding to the termini. This has been 
observed in wxB3, in which activity due to dosage of Ac has 
been correlated to suppression of a chimeric transcript 
through the wxB3 allele (Baran and Wessler, 1985). 
As described in the structure of gene A (Section 5.6), the 
presence of the promoter at the termini, would permit gene A 
expression to be regulated by binding of the transposase or 
other trans-activs functions. If gene A is the transposase. 
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the product of gene A would bind to its own promoter and thus 
inhibit further transcription. This might be expected in 
Spm-w which has low M function. The presence of the Am 
product would be required as a positive regulator in enhancing 
the transcription through gene A. 
The genetic evidence of mutations affecting either S or M 
functions independently does not contradict the hypothesis 
that S_ and M functions could be the activity of one protein, 
possibly gene A. The observation that a standard response 
is seen in all cells of the aleurone layer as a colorless 
background (on the a-ml(5719A-1) allele), whereas the M 
response occurs in a few clonal sectors seen as revertant 
wild-type sectors, indicates that the timing of and M 
response is different. This could be an explanation of the 
observed cyclic changes in S and M activity (McClintock, 1967, 
Peterson, 1981) directed by transient ^  and ^  activity. 
Similarly heritable changes in S and M action may be due to 
mutations at Am or As. Timing differences in ^  and M response 
could be due to the kinetics of transposase-DNA interaction. 
Primacy binding of transposase to the termini may be enough to 
suppress transcription into the element and give an S_ 
response. For excision or M action, a more specific multi-
component complex of transposase may be required which would 
need the M and ^  functions in addition to others proposed 
(Saadlar and Nevers, 1985). 
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The ^  functions, possibly encoded by gene C, may be 
involved at the site of response acting like an effector 
molecule or as a rho factor involved in transcription 
termination. Alternatively, the ^  function may be a 
demethylase, activating gene A in an otherwise inactive En. 
The site of action could be the first exon of gene A which is 
CpG rich (see Figure 5.1) and a potential site for methylation 
inactivation. 
On examination of the gene structure of En, the 3' end of 
each gene is overlapping and possibly similar. This is not 
without parallel. The transposase, repressor and enhancer 
proteins, of the temperate phage of prokaryotes, share 
homologous regions (Harshey et al., 1985) which have 
implications for DNA-protein interaction. 
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7. APPENDIX 
DNA sequence of En-1. both strands of the sequence are 
shown. The restriction enzyme sites deduced from the sequence 
are shown above the restriction site on the sequence. The 
three reading frames, are indicated by the one letter amino 
acid code, shown below the corresponding DNA sequence. 
Asterisks indicate stop codons. 
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BS N I HHHNC BB N H M SI 
AP U N HAPCR GB U A ÎT SN 
NI 4 P AEAIF LV 4 E L HP 
22 H 1 12211 11 H 3 1 21 
/ / / /  / 
CGGGCGGGCTCGCCAAGCAGCGCCGGGCGGGCGGCCTCGCCAAGCAGAGC 
351 + + + + + 400 
GCCCGCCCGAGCGGTTCGTCGCGGCCCGCCCGCCGGAGCGGTTCGTCTCG 
G R A R Q A A P G G R P R Q A E R  
G G L A K Q R R A G G L A K Q S  
R A G S P S S A G R A A S P S R A  
231 
F H H S F BS F F 
NHHI IMHHHNC NXH SC N N 
UHHN NNHAPCR UMA TR U U 
DAAP PLAEAIP 4AE NF 4 4 
2111 1112211 H33 11 H H 
/ / / /// / / 
GCGCACCTCCAAGTAGCGCCGGGCGGCCGAGCCGAGCCAGGCGGCGGGCG 
401 + + + + + 450 
CGCGTGGAGGTTCATCGCGGCCCGCCGGCTCGGCTCGGTCCGCCGCCCGC 
a  A P P S S A G R P S R A R R R A  
b  A H L Q V A P G G R A E P G G G R  
c  R T S K * R R A A E P S Q A A G G  
F S F F F 
H N M BA HNC NH N H AH MN A 
A U N BH PGR UG U A VG NU H 
E 4 L VA AIF 4A 4 E AA L4 A 
3 H 1 12 211 HI H 3 11 IH 2 
/ / 
GCCTCGCAGCCAAGCCAGACGCCGGGCGGCAGGCGGCCTCGGGCGGGCGG 
451 + + +. + + 500 
CGGAGCGTCGGTTCGGTCTGCGGCCCGCCGTCCGCCGGAGCCCGCCCGCC 
a  A S Q P S Q T P G G R R P R A G G  
b  P R S Q A R R R A A G G . L G R A A  
c  L A A K P D A G R Q A A S G G R  
F F 
N H M M N M 
U A N ÎT U M 
4 E L L 4 L 
H 3 1 1 H 1 
CGTCGGGCGGGCGGCCTCGCCCTGCCAGCGGGCGACCTCGCAGCCGAGGC 
GCAGCCCGCCCGCCGGAGCGGGACGGTCGCCCGCTGGAGCGTCGGCTCCG 
a  V G R A A S P C Q R A T S Q P R Q  
b  S G G R P R P A S G R P R S R G  
c  R R A G G L A L P A G D L A A E A  
S F 
BA HNC BH N D B M 
BH PGR GG U D B N 
VA AIF LA 4 E V L 
12 211 
/ 
11 
/ 
H 1 1 1 
AGACGCCGGGCGGGCAGCCTCACTTAGCGTAAGCAAAATGTTTCTGCCCA 
551 + + + + + 600 
TCTGCGGCCCGCCCGTCGGAGTGAATCGCATTCGTTTTACAAAGACGGGT 
a  T P G G Q P H L A * A K C F C P  
t o  R R R A G S L T * R K Q N V S A Q  
c  D A G R A A S L S V S K M F L P ^ T  
232 
S 
DM AA MN M R 
DS VU NL B S 
ET A9 LA 0 A 
12 26 13 2 1 
/ / 
ACCTCAGGTCCATGAATTGTACTCTÇTTCCTGTGATGAAATGCAAGCACC 
601 + + + + + 650 
TGGAGTCCAGGTACTTAACATGAGAGAAGGACACTACTTTACGTTCGTGG 
T S G P * I V L S S C D E M Q A P  
P Q V H E L Y S L P V M K C K H L  
L R S M N C T L F L *  * N A S T  
N 
L 
A 
3 
TGATTACGAGATGACAACACTGTCCAGCCAAGACATGTTTCATTGAAAAT 
ACTAATGCTCTACTGTTGTGACAGGTCGGTTCTGTACAAAGTAACTTTTA 
D Y E M T T L S S Q D M F H * K *  
I T R * Q H C P A K T C F I E N  
• L R D D N T V Q P R H V S L K M  
R 
S 
A 
1 
GATGGTTAGTACAGGGTTTCTGACTTTCTGTTGTGCTTGTTTCATTGAAA 
701 — 1- 750 
CTACCAATCATGTCCCAAAGACTGAAAGACAACACGAACAAAGTAACTTT 
W L V Q G F * L S V V L V S L K  
D G * Y R V S D F L L C L F H * K  
M V S T G F L T F C C A C F I  E N  
N 
L 
A 
3 
ATAATGGTAAAAGGTGCTTGCATTCTGTGCAAAATCATGTTCCTGTTGCC 
/ 51 300 
TATTACCATTTTCCACGAACGTAAGACACGTTTTAGTACAAGGACAACGG 
I M V K G A C I L C K I M F L L P  
* W * K V L A F C A K S C S C C P  
N G K R C L H S V Q N H V P V A  
233 
X 
B 
A 
1 
CCTGTTCCAGTTCTAGAACTCAAGAAGTCAAAACGCTATGTGGTATTAAT 
SOI + + + + + 850 
GGACAAGGTCAAGATCTTGAGTTCTTCAGTTTTGCGATACACCATAATTA 
L F Q F * N S R S Q N A M W Y * L  
C S S S R T Q E V K T L C G I N  
P V P V L E L K K S K R Y V V L I  
S H 
A I 
U 
3 D 
A 3 
TGCCGACTTAATGTTTTTAGTGGCATTGCCACTGATCTAGCATTATGTCA 
851 + + + + + 900 
ACGGCTGAATTACAAAAATCACCGTAACGGTGACTAGATCGTAATACAGT 
P T * C F * W H C H * S S I M S  
C R L N V F S G I A T D L A L C Q  
A D L M F L V A L P L I * H Y V K  
A D D  M  
L D D !Sr 
U EE L 
1 1 1  1  
AGCTTAAGAACTCTGTTCTCAGCCTGAGAAAAGCCGTTGCTACTGCTGAT 
901 + + + + + 950 
TCGAATTCTTGAGACAAGAGTCGGACTCTTTTCGGCAACGATGACGACTA 
S L R T L F S A * E K P L L L L I  
A * E L C S Q P E K S R C Y C * F  
L K N S V L S L R K A V A T A D  
M 
N 
L 
1 
TTGAGAGAGGGGGGGGGGGAGGGGGCAAAAACTACAGCAAAATGGTGGGT 
,951 + + + + + 1000 
AACTCTCTCCCCCCCCCCCTCCCCCGTTTTTGATGTCGTTTTACCACCCA 
* E R G G G R G Q K L Q Q î I G G C  
E R G G G G G G K N Y S K M V G  
L R E G G G E G A K T T A K W W V 
234 
F F SS 
NP B N R HNAACT 
US B U S PCVURT 
4T V D A AIA9FH 
HI 1 2 1 212611 
/ /// 
GTTTTTTTCCTGCAGCCAAACACATTTTCGCGTACATCTTGACCCGGTCC 
1001 + + + + + 1050 
CAAAAAAAGGACGTCGGTTTGTGTAAAAGCGCATGTAGAACTGGGCCAGG 
F F P A A K H I F A Y I L T R S  
V F P L Q P N T F S R T S *  P G P  
F F S C S Q T H P R V H L D P V Q  
N 
L 
A 
3 
AGTCATGAGACTAGGCATATATCTTGATATGAGCAAAGTAGTCAGATATT 
1051 + + + + + HOC 
TCAGTACTCTGATCCGTATATAGAACTATACTCGTTTCATCAGTCTATAA 
S H E T R H I S * Y E Q S S Q I F  
V M R L G I Y L D M S K V V R Y L  
S * D * A Y I L I * A K * S D I  
TATATTGTTTATACCAAAAAAACAATGATTTTATGTTTTAGAATAGAAAA 
1101 + + + + + 1150 
ATATAACAAATATGGTTTTTTTGTTACTAAAATACAAAATCTTATCTTTT 
r L F I P K K Q * F Y V L E * K T  
Y C L Y Q K N N D F M F * N R K  
Y I V Y T K K T M I L C F R I  E N T  
H H 
RS IH I 
SC NP N 
AA CA F 
11 21 1 
/ / 
CATATCACGTGTAGTACTTGTTAACGTTTTGTCCTGTTGTGTTCAACGAA 
1151 + + + + + 1200 
GTATAGTGCACATCATGAACAATTGCAAAACAGGACAACACAAGTTGCTT 
Y H V * Y L L T F C P V V F N E  
H I T C S T C * R P V L L C S T M  
I S R V V L V N V L S C C V Q R I  
235 
6 
B 
V 
1 
TCCTGCATACCCAAAAGCATTATTGTTCAAGTTTCAAGAAAACAAAATAT 
1201 + + + + + 1250 
AGGACGTATGGGTTTTCGTAATAACAAGTTCAAAGTTCTTTTGTTTTATA 
a  S C I P K S I I V Q V S R K Q N M  
b  P A Y P K A L L P K F Q E N K I W  
c  L H T Q K H Y C S S F K K T K Y  
F 
N 
U 
4 
H 
GGGAACTAGGCTGCATACCCAAAAGCATTATTGTTTGGTTGCTTTGCATA 
1251 + + + + + 1300 
CCCTTGATCCGACGTATGGGTTTTCGTAATAACAAACCAACGAAACGTAT 
a  G T R L H T Q K H Y C L V A L H K  
b  E L G C I P K S I I V W L L C I  
c  G N * A A Y P K A L L F G C F A *  
BH 
N A BSGS 
L L APIS 
A U NIAT 
3 1 2211 
/// 
AAAACTTCCTGCATGAGCTCAAAAATTATTAAATAAATAAATAATGTATC 
1301 + + + + + 1350 
TTTTGAAGGACGTACTCGAGTTTTTAATAATTTATTTATTTATTACATAG 
a  N F L H E L K N Y * I N K * C r  
b  K T S C M S S K I I K * I N N V S  
c  K L P A * A Q K L L N K * I M Y Q  
a 
b 
c 
AATAGACACTAATTATATGTCAAAATTATTTAATAGACACTAATTATATG 
1351 + + + + + 1400 
TTATCTGTGATTAATATACAGTTTTAATAAATTATCTGTGATTAATATAC 
N R H * L Y V K I I * * T L I I C  
I D T N Y M S K L F N R H * L Y V  
* T L I  I C Q N Y L I D T N Y M  
236 
S 
A A TX MR 
L U AO B S 
U 3 QR OA 
1 A 12 2 1 
/ 
TTTTTTTAGCTTTGAATATGAGTGACGATCGAAGAAGGGCGATGTACGAT 
1401 + + + + + 1450 
AAAAAAATCGAAACTTATACTCACTGCTAGCTTCTTCCCGCTACATGCTA 
F F S F E Y E *  R S K K G D V R W  
F L A L N M S D D R R R A M Y D  
• F * L * I * V T I E E G R C T M  
H S 
I T T NF NN 
N A T LA SL 
F Q H AN lA 
1 1 1 31 13 
/ 
GGATTCGACAGTGTCACTCATGGTCACTCTGATGCATGGTTGAGAGTTGC 
1451 + + + + + 1500 
CCTAAGCTGTCACAGTGAGTACCAGTGAGACTACGTACCAACTCTCAACG 
I R Q C H S W S L * C M V E S C  
G F D S V T H G H S D A W L R V A  
D S T V S L M V T L M H G * E L Q  
E S 
C F M H B N 
0 A N P AL 
R N L H N A 
1  1  1 1 1 4  
AGATGAATTCGTGGCACTCGCATTTGTTGGTGATGCTCGTTTAGCGAGGT 
1501 + + + + + 1550 
TCTACTTAAGCACCGTGAGCGTAAACAACCACTACGAGCAAATCGCTCCA 
R * I R G T R  I C W * C S F S E V  
D E F V A L A F V G D A R L A R C  
M N S W H S H L L V M L V * R G  
B BH 
S A BSGS 
P L APIS 
1 U NIAT 
2 1 2211 
/ / /  
GCCCGTGTATAAAATGTCGGAACTTGGTTCGGTTGAAAAAAGTGGAGCTC 
1551 + + + 1500 
CGGGCACATATTTTACAGCCTTGAACCAAGCCAACTTTTTTCACCTCGAG 
P V Y K M S  E L G S V E K S G A L  
P C I K C R N L V R L K K V E L  
A R V * N V G T W F G * K K W S S  
237 
N 
L 
A 
3 
TCGTATCATATTTTCAAACATGGCTTTATGCCAAACTATCTGGTATGGCA 
1601 + + + + + 1650 
AGCATAGTATAAAAGTTTGTACCGAAATACGGTTTGATAGACCATACCGT 
V S Y F Q T W L Y A K L S G M A  
S Y H I F K H G F M P N Y L V W H  
R I  I F S N M A L C Q T I W Y G M  
S H S BS 
N M N AA I ANA sc F 
L N L VU N VLU TR 0 
A L A A9 F AA9 NF K 
3 1 3 26 1 246 11 1 
/ / / 
TGAGCATGGAGAGGTGGACCATACTATTGAATCGGATGGGGACCAGGATA 
1651 + + + + + 1700 
ACTCGTACCTCTCCACCTGGTATGATAACTTAGCCTACCCCTGGTCCTAT 
* A W R G G P Y Y * I G W G P G Y  
E H G E V D H T I E S D G D Q D I  
S M E R W T I L L N R M G T R I  
S 
M F R BAX 
B O S GUH 
O K A L30 
2 1 1 2A2 
// 
TAGACCGAATGGAAGAGATGTTGGATGATATTAGGAATGAGTACCCAGAT 
1701 + + + + + 1750 
ATCTGGCTTACCTTCTCTACAACCTACTATAATCCTTACTCATGGGTCTA 
R P N G R D V G * Y * E * V P R S  
D R M E E M L D D I  R N E Y P D  
• T E W K R C W M I L G M S T O I  
H H 
I AM F I A 
N LN O N L 
D UL K D U 
3 11 1 3 1 
CTACAGAATAATCAAGCTTTTCCAGAGGATGTGAGAGAGTTCTACAAGCT 
1751 + + + + + 1800 
GATGTCTTATTAGTTCGAAAAGGTCTCCTACACTCTCTCAAGATGTTCGA 
T E * S S F S R G C E R V L Q A  
L Q N N Q A F P E D V R E P Y K L  
Y R I I K L F Q R M * E S S T S F  
238 
M D B M N N R 
N D G N L L S 
L E L L A A A 
1 1 1 1 3 4 1 
TCTTGAAGCCTCAGAGGCTAAAGTGCATGAAGGAACCAATGTGAGCGTAC 
1801 + + + + + 1850 
AGAACTTCGGAGTCTCCGATTTCACGTACTTCCTTGGTTACACTCGCATG 
S * S L R G * S A * R N Q C E R T  
L E A S E A K V H E G T N V S V L  
L  K P Q R L K C M K E P M * A Y  
P 
S 
T 
1 
N 
L 
A 
3 
R 
S 
A 
1 
TGCAGGTGGTAACACGTCTCATGGCGATGAAGTCAAAGTACACCTTCTCC 
1851 + + + + + 1900 
ACGTCCACCATTGTGCAGAGTACCGCTACTTCAGTTTCATGTGGAAGAGG 
A G G N T S H G D E V K V H L L Q  
Q V V T R L M A M K S K Y T F S  
C R W * H V S W R * S Q S T P S P  
E 
C 
O 
R 
V 
AACAAATGTTACAACGATATTGTGA_aACTGATTATTGATATCAGCCCACC 
1901 + + + + + 1950 
TTGTTTACAATGTTGCTATAACACTTTGACTAATAACTATAGTCGGGTGG 
Q M L Q R Y C E T D Y * Y Q P T  
N K C Y N D I V K L I I D I S P P  
T N V T T I L * N * L L r S A H R  
H 
I N R 
N L S 
F A A 
1 3 1 
GAATCATAACATGCCGAAAGACTTGTACCATTGCAAGAAGCTCGTAGCTG 
1951 + + + + + 2000 
CTTAGTATTGTACGGCTTTCTGAACATGGTAACGTTCTTCGAGCATCGAC 
E S * H A E R L V P L Q E A R S W  
N H N M P K D L Y H C K K L V A G  
I I T C R K T C T r A R S S * L  
239 
S 
N F M N 
L A N  L  
AN L A 
3 1 1 3 
GTCTTGGCATGAACTACCAAAAGATTGATGCTTGCGAGGACAATTGCATG 
2001 + + + + + 2050 
CAGAACCGTACTTGATGGTTTTCTAACTACGAACGCTCCTGTTAACGTAC 
S W H E L P K D * C L R G Q L H V  
L G M N Y Q K I D A C E D N C M  
V L A * T T K R L M L A R T I A C  
S 
N F F P 
L O AS 
A K NT 
3 1 11 
TTGTTCTGGAAGGAGCATGAAAATACCACACATTGCATCCACTGCAGTAA 
2051 + + + + + 2100 
AACAAGACCTTCCTCGTACTTTTATGGTGTGTAACGTAGGTGACGTCATT 
V L E G A * K Y H T L H P L Q *  
L F W K E H E N T T H C I H C S K  
C S G R S M K I P H I A S T A V S  
M M F 
N N O 
L L K 
1 1 1 
GTCAAGATATGCAGTGGTGCTAGATGAGGATGGAAACGAGGTTACGACAA 
2101 + + + + + 2150 
CAGTTCTATACGTCACCACGATCTACTCCTACCTTTGCTCCAATGCTGTT 
V K I C S G A R * G W K R G Y D K  
S R Y A V V L D E D G N E V T T K  
Q D M Q W C * M R M E T R L R Q  
S 
B N A H R N H 
A L U P S L G 
N A 3 A A A A 
1 4 A 2 1 3 1 
AGGTGCCGATCAAGCAACTCCGGTACATGCCTATCACTCCACGGCTTAAG 
2151 + + + + + 2200 
TCCACGGCTAGTTCGTTGAGGCCATGTACGGATAGTGAGGTGCCGAATTC 
G A D Q A T P V H A Y H S T A * A  
V P I K Q L R Y M P I T P R L K  
R C R S S N S G T C L S L H G L S  
240 
M 
N 
L 
1 
CGTCTCTTTCTAAATCAAGAGACAGCAAAGCAAATGAGGTGGCATAAAGA 
2201 + + + + + 2250 
GCAGAGAAAGATTTAGTTCTCTGTCGTTTCGTTTACTCCACCGTATTTCT 
S L S K S R D S K A N E V A *  R  
R L F L N Q E T A K Q M R W H K E  
V S F * I K R Q Q S K * G G I K K  
S S S S 
A A H AX HF N F D MF 
U U A UH PO L O D NA 
3 9 E 30 AK A K E LN 
A 6 3 A2 21 3 1 1 11 
/ 
AGGGGATCGTCAGGGCCAAGATCCGGATGTCATGGTGCATCCCTCAGATG 
2251 + + + + + 2 300 
TCCCCTAGCAGTCCCGGTTCTAGGCCTACAGTACCACGTAGGGAGTCTAC 
R G S S G P R S G C H G A S L R W  
G D R Q G Q D P D V M V H P S D G  
G I V R A K I R M S 
BS S 
M HSSC B T A 
N ATTR G A U 
L EUNF L Q 3 
1 3111 1 1 A 
/ / 
GCGAGGCCTGGCAGGCTCTCGACCGTTTTGATCCAGAATTTGCAAGAGAC 
2301 + + + + + 2350 
CGCTCCGGACCGTCCGAGAGCTGGCAAAACTAGGTCTTAAACGTTCTCTG 
R G L A G S R P F * S R I C K R P  
E A W Q A L D R F D P E F A R D  
A R P G R L S T V L I Q N L Q E T  
H H 
SAIT I F 
ACNA N 0 
LCCQ F K 
1121 1 1 
/ 
CCTAGGAGTGTTCGTCTTGGTTTGTCGACGGATGGATTCACTCCTTACTC 
2351 +• + + + + 2400 
GGATCCTCACAAGCAGAACCAAACAGCTGCCTACCTAAGTGAGGAATGAG 
• E C S S W F V D G W I H S L L  
P R S V R L G L S T D G F T P Y S  
L G V F V L V C R R M D S L L T P  
241 
S 
N BHF 
L AAA 
A LEN 
3 131 
/ 
CAATAATTCCACTTCTTACTCATGTTGGCCAGTTTTTATGATGCCCTACA 
2401 + + + + + 2450 
GTTATTAAGGTGAAGAATGAGTACAACCGGTCAAAAATACTACGGGATGT 
Q * F H P L L M L A S F Y D A L Q  
N N S T S Y S C W P V F M M P Y N  
I I P L L T H V G Q F L * C P T  
M NMN N M 
N SNL L B 
L ILA A 0 
1 113 3 2 
/ 
ATCTCCCTCCTAACAAATGCATGAAAGAAGAGGTCATGTTTCTTGCCCTT 
2451 + + + + + 2500 
TAGAGGGAGGATTGTTTACGTACTTTCTTCTCCAGTACAAAGAACGGGAA 
S P S * Q M H E R R G H V S C P Y  
L P P N K C M K E E V M F L A L  
I S L L T N A * K K R S C F L P L  
BS S BS 
SCAA AANX N 
TRVU MULH L 
NPA9 H3A0 A 
1126 1A42 4 
I I  I I  
ATTGTTCCAGGTCCGAAGGATCCTGTAACAAAAATCAATGTATTTATGGA 
2501 + + + + + 2550 
TAACAAGGTCCAGGCTTCCTAGGACATTGTTTTTAGTTACATAAATACCT 
C S R S E G S C N K N Q C I Y G  
I V P G P K D P V T K I N V F M E  
L F Q V R R I L * Q K S M Y L W N  
S 
A T M M M 
U A B N D 
3 Q 0 L E 
A 1 2 1 1 
ACCGTTGATCGAAGAACTAAAAATGTTGTGGCAGGGGGTTGAGGCATATG 
2551 + —+ + + + 2600 
TGGCAACTAGCTTCTTGATTTTTACAACACCGTCCCCCAACTCCGTATAC 
T V D R R T K N V V A G G * G I  *  
P L I  E E L K M L W Q G V E A Y D  
R * S K N * K C C G R G L R H M  
242 
FH F 
NIHN B 
UNHU B 
DPA4 V 
211H 1 
/ 
ATAGTCATCTGAAATGTTGTTTTACTCTACGCGCAGCATATCTATGGTCA 
2601 -———4- 2650 
TATCAGTAGACTTTACAACAAAATGAGATGCGCGTCGTATAGATACCAGT 
• S S E M L F Y S T R S I S M V M  
S H L K C C F T L R A A Y L W S  
I  V I * N V V L L Y A Q H I Y G Q  
S 
NA N 
LU D 
A3 E 
3A 1 
/ 
ATTCATGATCTGCTAGCATATGGCATTTTTTCTGGTTGGTGTGTCCACGG 
2651 + + + + + 2700 
TAAGTACTAGACGATCGTATACCGTAAAAAAGACCAACCACACAGGTGCC 
S * S A S I W H F F W L V C P R  
I H D L L A Y G I F S G W C V H G  
F M I C * H M A F F L V G V S T A  
H 
I H 
N P 
F H 
1 1 
CATACTGCGTTGTCCGATATGTATGGGTGACTCACAAGCATATAGGTTAG 
2701 + + + + + 2750 
GTATGACGCAACAGGCTATACATACCCACTGAGTGTTCGTATATCCAATC 
H T A L S D M Y G * L T S I * V R  
I L R C P I C M G D S Q A Y R L E  
Y C V V R Y V W V T H K H I G *  
N H A F H 
L P H 0 G 
A H A K A 
3 1 2 1 I 
AACATGGTAAGAAGGAAACATTTTTTGATGTTCACCGACGCCTCCTTCCC 
2751 + + : + + + 2S00 
TTGTACCATTCTTCCTTTGTAAAAAACTACAAGTGGCTGCGGAGGAAGGG 
T W * E G N I F * C S P T P P S L  
H G K K E T F F D V H R R L L P  
N M V R R K H F L M F T D A S F P  
243 
M AT M 
N SA N 
L UQ L 
1 21 1 
/ 
TATAATCATCCTTTTAGAAAGGATACAAAGTCATTTCGAAAAGGCAAGAG 
2801 + + + + + 2850 
ATATTAGTAGGAAAATCTTTCCTATGTTTCAGTAAAGCTTTTCCGTTCTC 
* S S F * K G Y K V I S K R Q E  
Y N H P F R K D T K S F R K G K R  
I I I L L E R I Q S H F E K A R G  
S 
A H HN 
U A PL 
9 E HA 
6 3 13 
GGTTAGAGATGGGCCACCGAAGCGACAAACTGGTGAAAATATCATGAGAC 
2851 + + + + + 2900 
CCAATCTCTACCCGGTGGCTTCGCTGTTTGACCACTTTTATAGTACTCTG 
G * R W A T E A T N W * K Y H E T  
V R D G P P K R Q T G E N I M R Q  
L E M G H R S D K L V K I S * D  
S 
HNMC T 
PCNR A 
AILP Q 
2111 1 
/ 
AACATCGTGACCTAAAACCGGGTGTAGGAGGTCGATTTCAAGGGTATGGT 
2901 + + + + + 2950 
TTGTÀêCÀCTGGATfTTGGCCCACATCCTCCAGCTAAAGTTCCCATACCA 
T S * P K T G C R R S I S R V W *  
H R D L K P G V G G R F Q G Y G  
N I V T * N R V * E V D F K G M V  
H 
G 
A 
1 
A 
L 
U 
1 
AAAGAACACAATTGGACGCACATCTCGTTTATCTGGGAGCTACCTTATAC 
2951 +  +  — +  +  +  3000 
TTTCTTGTGTTAACCTGCGTGTAGAGCAAATAGACCCTCGATGGAATATG 
R T Q L D A H L V Y L G A T L Y  
K E H N W T H I S F I W E L P Y T  
K N T I G R T S R L S G S Y L I  R  
244 
S 
F 
A 
N 
1 
GAAGGCATTGCTGTTACCACATAATATAGATTTGATGCACCAAGAACGTA 
3001 +  +  +  +  +  3050 
CTTCCGTAACGACAATGGTGTATTATATCTAAACTACGTGGTTCTTGCAT 
E G I A V T T * Y R F D A P R T *  
K A L L L P H N I D L M H Q E R N  
R H C C Y H I I * I * C T K N V  
S 
FN HT H 
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GCACCTTGAGCTTAGAAAAAATCCAAGTGGATCTGAGAGTCGGCCACAAG 
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CGTGGAACTCGAATCTTTTTTAGGTTCACCTAGACTCTCAGCCGGTGTTC 
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CTCCTTATTGTCTGAAACGGCAAGAGCGAGAAGAGATATTTCAATGGTTG 
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GAGGAATAACAGACTTTGCCGTTCTCGCTCTTCTCTATAAAGTTACCAAC 
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AAAAAGCTGAGGTTCCCAGATCGCTATGCGGCTAATATAAAACGGGCAGT 
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TTTTTCGACTCCAAGGGTCTAGCGATACGCCGATTATATTTTGCCCGTCA 
K A E V P R S L C G * Y K T G S  
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TAACCTCGACACTGGTAAACTCGTTGGGTTGAAGAGTCATGACTATCACA 
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TTTTGATTGAAAGACTAGTGCCGGTAATGTTTCGTGGATACTTCAGTCCC 
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AAAACTAACTTTCTGATCACGGCCATTACAAAGCACCTATGAAGTCAGGG 
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GATGTGTGGAAGATATTTGCAGAACTCAGTTATTTTTATAAGCAGATATG 
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CTACACACCTTCTATAAACGTCTTGAGTCAATAAAAATATTCGTCTATAC 
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M C G R Y L Q N S V I F I S R Y V  
D M 
D N 
E L 
1 1 
TGCTAAGGAAATCTCAAAGAAATTGATGTTGAGGTTTGAGAAGGAAATCG 
3451 + + + + + 3500 
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TTGACCGCAAGAAAATTTGATCGCTATGATATTAATGGATACCGTTTTCG 
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4501 F T F- T K 4550 
CCGTTACTCATGTTGTTATAGTAGGACCGTGTAGTTCGCGTAGTCCACAT 
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4601 + + + + + 4650 
TTCAATTAGGTCTCCAAGTGGGAATGGCTATAGTTTTGATGTTAAATTCG 
V N P E V H P Y R Y Q N Y f T L S  
K L I Q R F T L T D I K T T I * A  
S * S R G S P L P I S K L Q P K H  
S 
MM BA 
B B CU 
O O L3 
2 2 lA 
/ 
ACCAATGATGATGATGAAGATGATGTTGTCTTCCAAGAAGTCGGTGATCA 
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T N D D D E D D V V F Q E V G D Q  
P M M M M K M M L S S K K S V I K  
Q * * * * R * C C L P R S R * S  
H 
P 
H 
1 
AGCAGACGATAGCGACAATGATAGTATTGTATCCGAAGGGGCAGGACTAA 
4701 + + + + + 4750 
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AATTCAAAACGTCAAAGGTTGGAAGAAACAGTTCTTGAAACACAACAATG 
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GGTTGAACAACTTAATACACGTGTCGCCGAAGAGGACTCTGATGCCGACG 
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F * Y I I R R C N G T L L F L P  
I F D T * P V D V M A H S C P C L  
P L I H N S * M * W H T L V P V Y  
N 
S 
I 
1 
ATTTAATATGCATTACTTTGTGAAAAATTTATACATACTTACTATTTTGT 
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GAATTATTGCAGATGTTCAGGATGGATTCGTCTGGTAGGAGATCCAGATC 
5001 + + + + + 5050 
CTTAATAACGTCTACAAGTCCTACCTAAGCAGACCATCCTCTAGGTCTAG 
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ACGAAGGTCGAGGGGTTCCAGTGGTGCTCCTAACATGTTTGAGGTACTTG 
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P F L S L V T G A S * Q S K I V Y  
F F L V * L L G P A  S N L K L F  
B 
B NS 
A LP 
N Al 
1 42 
ACATTTCAGGGCACCACAACAAGCAGAAGCAGGCAAGAGCAGTTGCTTGC 
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CTCCCTAGAGCAGATGCGGGGTAGCAGCGGACCCTCCAATACAGAAGGGA 
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GAGGCAGCTGTGGACGCGGAGGCAGCTGTGGACGCGGAGGCTGAGGAAGC 
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AAAGAAACAATTTATTGTTTGAAAGTAAACATCCATAGCAGCCAGGGAGT 
S L L N N K L S F V G I V G P S  
F L C *  I T N F H L * V S S V P H  
F F V K * Q T F I C R Y R R S L T  
S 
M TAM 
N AUN 
L Q3L 
1 LAL 
CATTGAAGCCTTCTAAACCCTTCGATCAACGGAGGGTTATTGAACCGAAA 
5551 + + + + + 5600 
GTAACTTCGGAAGATTTGGGAAGCTAGTTGCCTCCCAATAACTTGGCTTT 
H * S L L N P S I N G G L L ? T R K  
r E A F * T L R S T E G Y * T E R  
L K P S K P P D Q R R V I E P K  
257 
BS 
B N SC M 
A L TR N 
N A NF L 
1 4 11 
/ 
1 
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5801 + + + + + 5850 
AAACAAAACCCATTCAGGGAACACTATAAGTTTAACTTAAGTCTAAAACG 
C P G * V P C D I Q  I E F R F C  
F V L G K S L V I F K L N S D F A  
L F W V S P L * Y S N * I Q I L H  
S S F 
MA H AH N 
BU P U A U 
0 3 H 9 E D 
2 A 1 6 3 2 
ATTTGTAAGTCTCTGGTGATCTTCAAATTTGCAGGGCCAATTTCGCGTGT 
5851 + + + + + 5900 
TAAACATTCAGAGACCACTAGAAGTTTAAACGTCCCGGTTAAAGCGCACA 
I C K S L V I F K F A G P I S R V  
F V S L W * S S N L Q G Q F R V C  
L * V S G D L Q I C R A N F A C  
H 
I 
N 
F 
1 
N M F 
D N O 
E L K  
1 1 1  
D 
D 
E 
1 
GCGACCCCTATACCTTGGATGATTCATATGTGCGTGAGGTATTCAATGGC 
5901 + + + + 4- 5950 
CGCTGGGGATATGGAACCTACTAAGTATACACGCACTCCATAAGTTACCG 
R P L Y L G * F I C A * G I Q W L  
D P Y T L D D S Y V R E V F N G  
A T P I P W M I H M C V R Y S M A  
A 
L 
U 
1 
M 
N 
L 
1 
5 
A H 
U A 
9 E 
6 3 
TCAGCAGATAGAGCTGTAAAGGGTATGATGTATAAAGCACGATTGAGGGC 
5951 î 1 ————————+ —————+ 6000 
AGTCGTCTATCTCGACATTTCCCATACTACATATTTCGTGCTAACTCCCG 
S R * S C K G Y D V * S T I E G  
S A D R A V K G M M Y K A R L R A  
Q Q I E L * R V * C I K H D * G P  
259 
H 
G 
A 
1 
R 
S 
A 
1 
F 
N H 
U G 
D A 
2 1 
CGTCACGGTGTACCAAAAGCGTCAGGGGAACTATTGTGACGCGAATATGG 
6001 + + + + + 6050 
GCAGTGCCACATGGTTTTCGCAGTCCCCTTGATAACACTGCGCTTATACC 
R H G V P K A S G E L L *  R E Y G  
V T V Y Q K R Q G N Y C D A N M A  
S R C T K S V R G T I V T R I W  
H D R M 
P D S N 
H E A L 
1 1 1 1 
CAAAGGAAATTCACCTGACGGCTCAGCAGTACAAAGAGAGTGAGGTGGAT 
6051 + + + + + 6100 
GTTTCCTTTAAGTGGACTGCCGAGTCGTCATGTTTCTCTCACTCCACCTA 
K G N S P D G S A V Q R E * G G L  
K E I H L T A Q Q Y K E S E V D  
Q R K F T * R L S S T K R V R W I  
S 
F F F M 
A O 0 N 
N K K L 
1 1 1 1 
TGGTTGAGCCACCATTCGGATGCTTGGGCGTGGATGTGTGAGTATTGGGC 
6101 6150 
ACCÂÀCTCGGTGGTÀÀGCCTACGAACCCGCACCTACACACTCATAACCCG 
V E P P F G C L G V D V * V L G  
W L S H H S D A W A W M C E Y W A  
G * A T I R M L G R G C V S I G L  
H 
D BH I 
D AA N 
E LE F 
1 13 1 
/ 
TTCTGAGGAGTTCTTGGCCATATCTAATAGAAATCGTATGAATCGGTTGA 
6151 —— ™ — — ————4- 6200 
AAGACTCCTCAAGAACCGGTATAGATTATCTTTAGCATACTTAGCCAACT 
F * G V L G H I * * K S Y E S V E  
S E E F L A I S N R N R M N R L S  
L R S S W P Y L I E I V *  I G *  
260 
BS S P 
se AMNA B N 
TR VBLU B U 
NF AOA9 V 4 
11 2246 1 H 
/ /// 
GCAAGCCAGGGGTCCACTTCTTCGGGGCAGATGGACACGTTGGCAAGGCT 
6201 + + + + + 6250 
CGTTCGGTCCCCAGGTGAAGAAGCCCCGTCTACCTGTGCAACCGTTCCGA 
Q A R G P L L R G R W T R W Q G C  
K P G V H F P G A D G H V G K A  
A S Q G S T S S G Q M D T L A R L  
BS 
SC 
TR 
NF 
11 
/ 
GCACGTATGGTATGTGTCAAATTGCCTGGTCAATTGTTAATTGCATAGAC 
6251 + + + + + 6300 
CGTGCATACCATACACAGTTTAACGGACCAGTTAACAATTAACGTATCTG 
T Y G M C Q I A W S I V N C I D  
A R M V C V K L P G Q L L I A * T  
H V W Y V S N C L V N C * L H R L  
X 
B 
A 
1 
N 
L 
A 
3 
F 
N T 
U A 
4 Q 
H 1 
N 
L 
A 
4 
TTGTCTAGACTTTTTAATCATGTGTTGCAGGCGGCTCGAAATGGAGTGGA 
6301 + + + + + 63 50 
AACAGATCTGAAAAATTAGTACACAACGTCCGCCGAGCTTTACCTCACCT 
L S R L F N H V L Q A A R N G V E  
C L D F L I M C C R R L E M E W S  
V * T F * S C V A G G S K W S G  
53 H 
M M T AFNNAA I 
B N A VOLLUU N 
O L Q AKAA93 F 
2 1 1 21446A 1 
/ / /  
GCCTACTTTGCTTCAAGTCTTCGTCGAGGGACACAAGGGTCCCGATCCGA 
6 3 5 1  — — — 5 4 0 0  
CGGATGAAACGAAGTTCAGAAGCAGCTCCCTGTGTTCCCAGGGCTAGGCT 
P T L L Q V F V E G H K G P D P N  
L L C F K S S S R D T R V P I R  
A Y F A S S L R R G T Q G S R S E  
261 
H 
P 
A 
2 
ATCATCCGGAAATACTGAATGACAGTAATGCGACAGAGAAACTGGTAAGT 
6401 + + + + + 6450 
TAGTAGGCCTTTATGACTTACTGTCATTACGCTGTCTCTTTGACCATTCA 
H P E I L N D S N A T E K L V S  
I  I R K Y * M T V M R Q R N W * V  
S S G N T E * Q * C D R E T G K Y  
H 
T I D N 
A N D  L  
Q F E A 
1 1 1  3  
ATGAAAATCGACTCTAAGATGAACATGATATGCCTTTGTTGTGACTTGGA 
6451 + + + + + 6500 
TACTTTTAGCTGAGATTCTACTTGTACTATACGGAAACAACACTGAACCT 
M K I D S K M N M I C L C C D L D  
* K S T L R * T * Y A F V V T W M  
E N R L * D E H D M P L L * L G  
S 
F AA 
0 VU 
K A9 
1 26 
/ 
TGATTTTTTCATAGGCTCGCTACATTGACAACGTGAGAGAAAAAAATGGT 
6501 + + + + + 65 50 
ACTAAAAAAGTATCCGAGCGATGTAACTGTTGCACTCTCTTTTTTTACCA 
D F F I G S L H * Q R E R K K W S  
I F S * A R Y I D N V R E K N G  
* F F H R L A T L T T * E K K M V  
F 
MT H N 
NA P U 
LQ H 4 
11 1 H 
/ 
CCAGACACGGATTGGCTCACTGGTGAGTTCGATACGGAGGCGGCTTATAA 
6551 ! + 6600 
GGTCTGTGCCTAACCGAGTGACCACTCAAGCTATGCCTCCGCCGAATATT 
R H G L A H W * V R Y G G G L *  
P D T D W L T G E F D T E A A Y K  
Q T R I G S L V S S I R R R L I R  
262 
M 
N 
L 
1 
R M 
S N 
A li 
1 1 
N 
L 
A 
3 
H 
I H 
N H 
P A 
1 1 
GGCTGGTGGAGGCGTACCACATGGGAGGTATATGCGCTTGTCACATTGTT 
6601 + + + + + 6650 
CCGACCACCTCCGCATGGTGTACCCTCCATATACGCGAACAGTGTAACAA 
G W W R R T T W E V Y A L V T L L  
A G G G V P H G R Y M R L S H C Y  
L V E A Y H M G G I C A C H I V  
N 
L 
A 
3 
ACTGTTTAGTCATGTCTTGTCATTTACTACATATATATATATATATATAT 
6651 6700 
TGACAAATCAGTACAGAACAGTAAATGATGTATATATATATATATATATA 
L F S H V L S F T T Y I Y I Y I *  
C L V M S C H L L H I Y I Y I Y  
T V * S C L V I Y Y I Y I Y I Y M  
H 
P 
H 
1 
GATACTCTTACAGGTTAGCAATTGGTGACGGTGTTGTCCCCCGTCGGAGT 
6701 + + + + + 6750 
CTÀTGAGAATGTCCAATCGTTAACCACTGCCACAACAGGGGGCAGCCTCA 
Y S Y R L A I G D G V V P R R S  
D T L T G * Q L V T V L S P V G V  
I L L Q V S N W * R C C P P S E L  
S H 
A A  D  A P  T I T  
V U  D  L V  A N A  
A9 B UU Q F Q 
2 6  1  1 2  1 1 1  
/ / 
TACACTAGACGGTCCAATTTCTCAGCTGGGTCGAATCGACCCCGACGACC 
6 751 + + + + + 5300 
ATGTGATCTGCCAGGTTAAAGAGTCGACCCAGCTTAGCTGGGGCTGCTGG 
Y T R R S N F S A G S N R P R R P  
T L D G P I S Q L G R I D P D D H  
H * T V Q F L S W V E S T P T T  
263 
F H 
B E AN I DM M 
B C LU N DN B 
V O U4 F EL O 
1 B IH 1 11 2 
/ 
ATCTGCACGTGAAGGAGAGCTGCTTGAGAAGATGACTCAGATGGAGGAGA 
6801 + + + + + 6850 
TAGACGTGCACTTCCTCTCGACGAACTCTTCTACTGAGTCTACCTCCTCT 
S A R E G E L L E K M T Q M E E S  
L H V K E S C L R R * L R W R R  
I C T * R R A A * E D D S D G G E  
H S F S 
I H F N B F 
N H A U B A 
P A N 4 V N 
1 1 1 H 1 1 
GTATGGCGCAATATAAGCAACAAGTGCAGCAACAGATGCAACAAATGCAA 
6851 + + + + + 6900 
CATACCGCGTTATATTCGTTGTTCACGTCGTTGTCTACGTTGTTTACGTT 
M A Q Y K Q Q V Q Q Q M Q Q M Q  
V W R N I S N K C S N R C N K C K  
Y G A I * A T S A A T D A T N A K  
F 
0 
K 
1 
AATTGGATGCTACATCAGGTATCATTTTTTTGTTATTTCGTTGTTTCTCA 
6901 6950 
TTAACCTACGATGTAGTCCATAGTAAAAAAACAATAAAGCAACAAAGAGT 
N W M L H Q V S F F C Y F V V S Q  
I G C Y I R Y H F F V I S L F L K  
L D A T S G I I F L L F R C F S  
M 
N 
L 
1 
AGTCCGATTAACTGAAAAACTGATGAATAATCTATTTGCAGATGTATGGA 
6951 + + + + + 7000 
TCAGGCTAATTGACTTTTTGACTACTTATTAGATAAACGTCTACATACCT 
V R L T E K L M N N L F A D V W R  
S D * L K N *  *  I  l Y L Q M Y G  
S P I N * K T D E * S I C R C M E  
264 
F 
B N H D NSN F 
A L P D LPU O 
N A A E AH4 K 
14 2 1 31H 1 
GGTGCCGGAACTCAGTTCGGCATGCCGCCTTTTCAACAACCCCCTATCAT 
7001 + + + + + 7050 
CCACGGCCTTGAGTCAAGCCGTACGGCGGAAAAGTTGTTGGGGGATAGTA 
C R N S V R H A A F S T T P Y H  
G A G T Q F G M P P F Q Q P P I  I  
V P E L S S A C R L F N N P L S S  
S FF 
H AA NP N 
P VU US U 
A A9 4T 4 
2 26 Hl H 
/ 
CACACATCCGGTGTCTGGACAATCATCGGACCGCTCCACTGCAGCGGCAG 
7051 + + + + + 7100 
GTGTGTAGGCCACAGACCTGTTAGTAGCCTGGCGAGGTGACGTCGCCGTC 
H T S G V W T I  I G P L H C S G R  
T H P V S G Q S S D R S T A A A D  
H I R C L D N H R T A P L Q R Q  
S 
BA R M 
BU S N 
V3 A L 
lA 1 1 
/ 
ATGGATCACAGGTACAATCCTCTACTAAACATCATTTGTCTGATAATCAT 
7101 + + + + + 7150 
TACCTAGTGTCCATGTTAGGAGATGATTTGTAGTAAACAGACTATTAGTA 
W I T G T I L Y * T S F V * * S L  
G S Q V Q S S T K H H L S D N H  
M D H R Y N P L L N I I C L I I I  
S 
N R NA 
L S LU 
A A A3 
3 1 3A 
/ 
TGGTTGCTTGCTCTCTGTCTTTCTACATGTTTGCTTGTACATGATCTATT 
7151 + + + + + 7200 
ACCAACGAACGAGAGACAGAAAGATGTACAAACGAACATGTACTAGATAA 
V A C S L S F Y M F A C T * S  I  
W L L A L C L S T C L L V H D L F  
G C L L S V F L H V C L Y M I Y F  
265 
S S 
D NA H BA 
R LU P eu 
A A3 H L3 
1 3A 1 lA 
/ / 
TTAAACTTTTGTCATTCGCATGATCTATAGTTACTTTTATTGTTGATCAC 
7201 + + + + + 7250 
AATTTGAAAACAGTAAGCGTACTAGATATCAATGAAAATAACAACTAGTG 
L N F C H S H D L * L L L L L I T  
* T F V I R M I Y S Y F Y C * S P  
K L L S P A * S I V T F r V D H  
M 
B 
O 
2 
CGTAACTTCTTAATCATAAACAAGAGTGTGTCTTCTGTTTCAGGGTTCTG 
7251 + + + + + 7300 
GCATTGAAGAATTAGTATTTGTTCTCACACAGAAGACAAAGTCCCAAGAC 
V T S * S * T R V C L L F Q G S A  
• L L N H K Q E C V F C F R V L  
R N F L I I N K S V S S V S G F C  
S S 
F M F 
A N A 
N L N 
1 1 1 
CAACTTCTGTCCAAGACCAATTGATGCCATTGGGTGTGATAGGAGGGCAA 
7 301 + + + + + 73 50 
GTTGÂÂGÀeÀëëTTCTGGtTAACTACGGTAACCCACACTATCCTCCCGTT 
T S V Q D Q L M P L G V I G G Q  
Q L L S K T N * C H W V * * E G K  
R P I D A I G C D R R A 
B B S BS S 
B NS BSMC SF BH F 
A LP GTNR TA AA A 
N Al LNLF XN LE N 
1 42 1111 11 13 1 
/ / /  /  /  
ATGATGCCGTGGGCACCTCGCCAGCCAGGCATTTGGCCACCGATGCAAAC 
7351 + + + +— + 7400 
TACTACGGCACCCGTGGAGCGGTCGGTCCGTAAACCGGTGGCTACGTTTG 
M M P W A P R Q P G I W P P M Q T  
* C  R G H L A S Q A F G H R C K H  
D A V G T S P A R H L A T D A N  
266 
S 
F M HM 
A N PN 
N L HL 
1 1 11 
/ 
ACAGATGCCACCGCCGATGCCGTGGGGATTTCCTCCTCGTGGGCAGTCAC 
7401 + + + + + 7450 
TGTCTACGGTGGCGGCTACGGCACCCCTAAAGGAGGAGCACCCGTCAGTG 
Q M P P P M P W G F P P R G Q S Q  
R C H R R C R G D P L L V G S H  
D A T  A D A V G I S S S W A V T 
BS BSS E 
se H M SCA R C 
TR P N TRU S 0 
NF H L NF3 A R 
11 1 1 IIA 1 V 
/ / 
AATCACCAGGATTGCCCTCACACTCACCAGGATCAGTACGTTAAGTTGAT 
7451 + + H + + 7500 
TTAGTGGTCCTAACGGGAGTGTGAGTGGTCCTAGTCATGCAATTCAACTA 
S P G L P S H S P G S V R * V D  
N H Q D C P H T H Q D Q Y V K L I  
I T R I A r , T L T R I S T L S * Y  
S 
F 
A 
N 
1 
ATCCTTTGCATCTCTATTTGCTTCGTTGTTTAAGCAGTTACTAGAAAACA 
7501 + + + + + 7550 
TAëGÂÀÀCêTÀGÂGÀTÂÂÂCGAAGCAACAAATTCGTCAATGATCTTTTGT 
I L C I S I C F V V * A V T R K H  
S F A S L F A S L F K Q L L E N M  
P L H L Y L L R C L S S Y * K T  
tî NN 
L SL 
A lA 
3 13 
TGCATGTATATGTTGCAGTCTATGTATATGTTTAATTAGTTACTCGGTAA 
7551 + + + + + 7600 
ACGTACATATACAACGTCAGATACATATACAAATTAATCAATGAGCCATT 
A C I C C S L C I C L I S Y S V N  
H V Y V A V Y V Y V * L V T R *  
C M Y M L Q S M Y M F N * L L G K  
267 
D N 
R L 
A A 
1 3 
ACTAACAAATGTTTGTTTCTTTTAAAGGGTTCAGGCTCACATCATGCTAG 
7601 + + + + + 7650 
TGATTGTTTACAAACAAAGAAAATTTCCCAAGTCCGAGTGTAGTACGATC 
• Q M P V S F K G F R L T S C *  
T N K C L P L L K G S G S H H A S  
L T N V C F P * R V Q A H I M L V  
S BH 
H A M SG 
P U N PI 
A 3 L LA 
2 A 1 21 
/ 
TCCGCCTCCGGATCAGAGCACGTTTATGGACTTATTGATGAACACAAGTG 
7651  +  +  +  +  +  7700  
AGGCGGAGGCCTAGTCTCGTGCAAATACCTGAATAACTACTTGTGTTCAC 
S A S G S E H V Y G L I  D E H K W  
P P P D Q S T F M D L L M N T S G  
R L R I R A R L W T Y * * T Q V  
F F 
N N N M 
U U L N 
4 4 A L 
H H 4 1 
GCGGCGGCTCCAATGACCCACCAACAGAATGAATTAATATGGAGGCTTGT 
7701  +  +  +  +  +  7750  
CGCCGCCGAGGTTACTGGGTGGTTGTCTTACTTAATTATACCTCCGAACA 
R R L Q * P T N R M N * Y G G L C  
G G S N D P P T E * I N M E A C  
A A A P M T H Q Q N E L I W R L V  
GTGGAACTTACTATGATTGCGTTTTGTATGGACTTTAACTTGTTTTAGAT 
7751  +  +  +  +  +  7800  
CACCTTGAATGATACTAACGCAAAACATACCTGAAATTGAACAAAATCTA 
G T Y Y D C V L Y G L * L V L D  
V E L T M I A F C M D P N L P * M  
W N L I i * L R F V W T L T C F R W  
268 
GGATTTGAACTTCTTTCGTATGGACTTGAACTTGTATGAATATTGAATAT 
7801 + + + + + 7850 
CCTAAACTTGAAGAAAGCATACCTGAACTTGAACATACTTATAACTTATA 
G P E L L S Y G L E L V *  I L N M  
D L N F F R M D L N L Y E Y *  I W  
I * T S P V W T * T C M N I E Y  
GGTGCTTGTGTTATGTTATGTTGAATATGGTGCTTGTGTTGTGATATATT 
7851 + + + + + 7900 
CCACGAACACAATACAATACAACTTATACCACGAACACAACACTATATAA 
V L V L C Y V E Y G A C V V I Y *  
C L C Y V M L N M V L V L * Y I  
G A C V M L C * I W C L C C D I L  
S 
MF M HNC 
NO K PGR 
L K L AIF 
1 1  1  2 1 1  
/ 
GAATGTTGTGCTTATATTGTGCTGTTATGGAGGCTTCCCATCCGGGGAGG 
7901 + + + + + 7950 
CTTACAACACGAATATAACACGACAATACCTCCGAAGGGTAGGCCCCTCC 
M L C L Y C A V M E A S H P G R  
E C C A Y I V L L W R L P I R G G  
N V V L I L C C Y G G F P S G E G  
S 
D AH 
D UA 
E 9E 
1 63 
GAGAAAAATAAAATTGGATATTAAAAAAAATTATTCACTAAGAGTGTCGG 
7951 + + + + + 8000 
CTCTTTTTATTTTAACCTATAATTTTTTTTAATAAGTGATTCTCACAGCC 
E K N K I G Y * K K L F T K S V G  
R K I K L D I K K N Y S L R V S A  
E K * N W I L K K I I H * E C R  
269 
H BS BHF H 
N I H SC A SINHHI 
L N H TR L SNUHHN 
A P A NF U HPDAAP 
4 1 1 11 1 212111 
/ / / / 
CCCCCACACTCTTATATGCGCCCAGGTAGCTTACTGATGTGCGCGCAGTA 
8001 + + + + + 8050 
GGGGGTGTGAGAATATACGCGGGTCCATCGAATGACTACACGCGCGTCAT 
P H T L I C A Q V A Y * C A R S K  
P T L L Y A P R * L T D V R A V  
P P H S Y M R P G S L L M C A Q *  
B 
H RS H 
A ST A 
E AX E 
3 11 3 
AGAGTGACGGCCACGGTACTGGCCGACACTTTTAACATAAGAGTGTCGGT 
8051 + + + + + 8100 
TCTCACTGCCGGTGCCATGACCGGCTGTGAAAATTGTATTCTCACAGCCA 
S D G H G T G R H F * H K S V G  
R V T A T V L A D T P N I  R V S V  
E * R P R y W P T L L T * E C R L  
S 
H AAN 
G VUL 
A A9A 
1 264 
/ 
TGCTTGTTGAACCGACACTTTTAACATAAGAGCGTCGGTCCCCACACTTC 
8101 + + + + + 0150 
ACGAACAACTTGGCTGTGAAAATTGTATTCTCGCAGCCAGGGGTGTGAAG 
C L L N R H F * H K S V G P H T S  
A C * T D T F N I R A S V P T L L  
L V E P T L L T * E R R S P H F  
H 
G 
A 
1 
D 
D 
E 
1 
H 
1 
N 
C 
2 
TATACGAATAAGAGCGTCCATTTTAGAGTGACGGCTAAGAGTGTCGGTCA 
8151 9200 
ATATGCTTATTCTCGCAGGTAAAATCTCACTGCCGATTCTCACAGCCAGT 
I R I R A S  I L E * R L R V S V N  
Y E * E R P F * S D G * E C R S  
Y T N K S V H F R V T A K S V G Q  
270 
D 
D 
E 
1 
ACCGACACTCTTATACTTAGAGTGTCGGCTTATTTCAGTAAGAGTGTGGG 
8201 + + + + + 8250 
TGGCTGTGAGAATATGAATCTCACAGCCGAATAAAGTCATTCTCACACCC 
a  R H S Y T * S V G L F Q * E C G  
b  T D T L I L R V S A Y F S K S V G  
c  P T L L Y L E C R L I S V R V W G  
H 
A 
E 
3 
GTTTTGGCCGACACTCCTTACCTTTTTTCTTGTAGTG 
8251 + + + 8287 
CAAAACCGGCTGTGAGGAATGGAAAAAAGAACATCAC 
a  V L A D T P Y L F S C S ?  
b  F W P T L L T F P L V V  
C F G R H S L P F F L * ?  
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